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COMMITTEE ON PRINTING AND PUBLICATION. 

Chairman. — S. E. Dawson. 
Secretary. — W. R. Salter. 

J. R. Dougall, Dr. L. H. Frechette, Richard White, Hugh Graham, 

C. A. Dansereau, H. Beaugrand, James Stewart, J. Tasse", M. P., F. Houde, 
M. P., L. O. David, J. C. Fleming, Rev. A. J. Bray, Col. A. A. Steven- 
sop, J. J. McLaren, Q. C, R. W. Boodle, Dr. W. A. Molson, P. A. Peter- 
son, F. B. Dakin, S. C. Stevenson, F. W. Hicks. 



OFFICERS ELECTED 

FOB THE 

MINNEAPOLIS MEETINGS 



THIRD WEDNESDAY IN AUGUST, 1883. 



PRESIDENT. 

C. A. Young of Princeton. 



VICE PRESIDENTS. 

A. Mathematics and Astronomy— W. A. Rogers of Cambridge. 

B. Physics — H. A. Rowland of Baltimore. 

C. Chemistry— Edward W. Morlky of Cleveland. 

D. Mechanical Science— De Volson Wood of Hoboken. 

E. Geology and Geography— C. H. Hitchcock of Hanover. 

F. Biology — W. J. Beal of Lansing. 

G. Histology and Microscopy— J. D. Cox of Cincinnati. 
H. Anthropology— 0. T. Mason of Washington. 

I. Economic Science, and Statistics— F. B. Hough of Lowville. 

PERMANENT SECRETARY. 
F. W. Putnam, of Cambridge. 

GENERAL SECRETARY. 

J. R. Eastman of Washington. 

ASSISTANT GENERAL SECRETARY. 

Alfred Springer of Cincinnati. 

SECRETARIES OF THE SECTIONS. 

A. Mathematics and Astronomy— W. W. Johnson of Annapolis. 

B. Physics — C. K. Wead of Ann Arbor. 

C. Chemistry — J. W. Langlky of Ann Arbor. 

D. Mechanical Science— [Resigned.] 

E. Geology and Geography— Alexis A. Julien of New York. 

F. Biology— S. A. Forbes of Normal. 

G. Histology and Microscopy— Carl Seiler of Philadelphia. 
H. Anthropology — G. H. Perkins of Burlington. 

I. Economic Science, and Statistics — Joseph Cummings of 
Evans ton/ 

TREASURER. 

William Lilly of Mauch Chunk. 
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MEMBERS OF THE STANDING COMMITTEE 



FOR THE 



MINJSTEAPOLIS MEETING. 



Past Presidents. — James D. Dana of New Haven; Jambs Hall of 
Albany; Isaac Lea of Philadelphia; F. A. P. Barnard of New York; 
J. S. Newbkrky of New York ; B. A. Gould of Boston ; T. Sterry 
Hunt of Montreal ; Asa Gray of Cambridge ; J. Lawrence Smith of 
Louisville; Joseph Lovering of Cambridge; John L. LeConte of 
Philadelphia ; J. E. Hilgard of Washington ; Simon Newcomb of Wash- 
ington ; 0. C. Marsh of New Haven ; George F. Barker of Philadelphia ; 
George J. Brush of New Haven ; J. W. Dawson of Montreal. 

Vice Presidents of the last Meeting. — Wm. Harkness of Washington ; 
T. C. Mendenhall of Columbus ; H. C. Bolton of" Hartford ; W. P. 
Trowbridge of New Haven ; E. T. Cox of San Francisco ; W. H. Dall 
of Washington ; A. H. Tuttle of Columbus ; Daniel Wilson of Toronto ; 
Alexander Winchell of Ann Arbor ; E. B. Elliott of Washington. 

Officers of the Meeting. — C. A. Young of Princeton ; W. A. Rogers of 
Cambridge; H. A. Rowland of Baltimore; Edward W. Morley of 
Cleveland ; De Volson Wood of Hoboken ; C. H. Hitchcock of Hanover ; 
W. J. Beal of Lansing; J. D. Cox of Cincinnati; 0. T. Mason of Wash- 
ington; F. B. Hough of Lowville; F. W. Putnam of Cambridge; J. R. 
Eastman of Washington; Alfred Springer of Cincinnati; W. W. 
Johnson of Annapolis; C. K. Wead of Ann Arbor; J. W. Langley of 
Ann Arbor ; Alexis A. Julien of New York ; S. A. Forbes of Normal ; 
Carl Seller of Philadelphia; G. H. Perkins of Burlington; Joseph 
Cummings of Evanston ; William Lilly of Maunch CJiunk. 

From the Association at large. — One Fellow to be elected from each 
Section. 
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LOCAL COMMITTEE 

FOB THE 

MINNEAPOLIS MEETING. 



CHAIRMAN. 

Hon. George A. Pillsbury. 

SECRETARY. 
Prof. N. H. WmcHEix. 

TREASURER. 

Hon. George A. Pillsbury. 

SUBCOMMITTEE ON INVITATIONS AND RECEPTION. 
Chairman. — President W. W. Folwell. 

SUBCOMMITTEE ON FINANCE. 
Chairman. — J. C. Seeley, Esq. 

SUBCOMMITTEE ON TRANSPORTATION AND EXCURSIONS. 

Chairman.— -Thomas Lowry, Esq. 

SUBCOMMITTEE ON ENTERTAINMENT, HOTELS, LODGINGS 

AND LUNCHEONS. 

Chairman.— -Hon. A. C. Rand. 

SUBCOMMITTEE ON ROOMS AND PLACES OF MEETING. 
Chairman.— Hon. Eugene M. Wilson. 

SUBCOMMITTEE ON PRINTING. 
Chairman. — David Blakely, Esq. 

GENERAL COMMITTEE. 

Hon. George A. Brackett ; Hon. A. C. Rand ; Hon. John De Laittre ; 
Ex-Gov. John S. Pillsbury; W. W. McNair, Esq.; Dr. \Vm. W. 
Folwell; Charles W. Johnson; Gen. A. B. Nettleton; Hon. W. W. 
Washburn; T. B. Walker; Hon. 0. C. Merriman; E. V. White; Hon. 
H. T. Welles; Col. II. G. Hicks; Thomas Lowry, Esq.; Winthrop 
Young; Hon. W. S. King; David Blakely; Hon. R. B. Langdon; Hon. 
D. L. Kiehle; J. C. Seeley, Esq; Anthony Kelly; Dr. A. F. Elliott; 
Hon. F. W. Brooks ; Hon. Eugene M. Wilson. 
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SPECIAL COMMITTEE*. 



1. Permanent Committee on Weights^ Measures and Coinage. 



F. A. P. Barnard, of New York, 
B. A. Gould, of Boston, 
J. £. Hilgard, of Washington, 
H. A* Newton, of New Haven, 



J. Lawrence Smith, of Louisville, 
£. B. Elliott, of Washington, 
John Trowbridge, of Cambridge, 
A. M. Mayer, of Hoboken. 



2. Committee to Memorialize the Legislature of New York for a New 

Survey of Niagara Falls. 

G. W. Hollby, of Niagara Falls, | J. T. Gardner, of Albany. 



8. Committee on Membership. 



The Members of the Standing Committee. 



4. Committee on the best methods of Science Teaching in the Public 

Schools. 



E. L. Youmans, of New York, 
A. R. Grotk, of New York, 
J. S. Newberry, of New York, 



J. W. Powell, of Washington, 
N. S. Shaler, of Cambridge, 
N. T. Lupton, of Nashville. 



5. Committee on the Registration of Deaths, Births, and Marriages. 



E. B. Elliott, of Washington, 
J. B. Eillebrew, of Nashville, 
E. T. Cox, of Sa» Francisco, 



F. B. Hough, of Lowville, 
J. S. Copes, of New Orleans, 
John Collett, of Indianapolis. 
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SPECIAL COMMITTEES. 
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6. Committee on Standard Time. 



Or ndSto. , of Univ. ofVa. 
S. P. Langley, oi Allegheny, 
E. 0. Pickering of Cambridge, 
J. K. Eastman, of 'Washington, 



Lewis Boss, of Albany, 
Leonard Waldo, of New Haven, 
J. E. Rees, of St. Louis, 
G. W. Hough, of Lowville, 



II. S. Pritchett, of Glasgow. 



7. Committee on Stellar Magnitudes. 



E. C. Pickering, of Cambridge, 
Lewis Boss, of Albany, 
S. W. Burnham, of Chicago, 
Asaph Hall, of Washington, 
William Harkness, of Washington, 



E. S. Holden, of Madison, 
Simon Newcomb, of Washington, 
C. H. F. Peters, of Clinton, 
Ormond Stone, of Univ. of Va. 
C. A. Young, of Princeton. 



8. Committee on State Geological Surveys. 



G. C. Swallow, of Columbia, 

James Hall, of Albany, 

John K. Procter, of Frankfort, 



N. H. Winchell, of Minneapolis, 

W. C. Kerr, of Raleigh, 

J. W. Powell, of Washington, 



Edward Orton, of Columbus. 



9. Committee to confer with Committees of Foreign Associations for 
the Advancement of Science with reference to an International 
Convention of Scientific Associations. 

T. Sterry Hunt, of Montreal, | Alexander Agassiz, of Cambridge. 

Simon Newcomb, of Washington. 



10. Committee to confer with a Committee of the British Association 
for the Advancement of Science on the Annual Records of 

Science. 



J. W. Dawson, of Montreal, 
F. W. Clark, of Washington, 



Edward S. Dana, of New Haven, 
H. W. Martin, of Baltimore, 



C. A. White, of Washington. 



a. a. a. s.. vol. xxxi. 
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SPECIAL COMMITTEES. 



11. Committee to devise a plan for the proper indexing of the 

Literature of the Chemical Elements. 



H. Carrington Bolton, of Hart- 
ford, 
Ira Remsen, of Baltimore, 



F. W. Clark, of Washington, 
A. R. Leeds, of Hoboken, 
A. A. Julien, of New York. 



12. Committee on a Primary Meridian and an International Standard 

of Time. 



F. A. P. Barnard, of New York, 
C. A. Young, of Princeton, 
T. Sterry Hunt, of Montreal, 



J. R. Eastman, of Washington, 
Charles Carpmael, of Toronto, 
E. B. Elliott, of Washington. 



13. Committee on International Congress of Geologists, 



James Hall, of Albany, 

J. W. Dawson, of Montreal, 

J. S. Newberry, of New York, 



T. Sterry Hunt, of Montreal, 
C. H. Hitchcock, of Hanover, 
Raphael Pumpelly, of Owego, 



J. P. Lesley, of Philadelphia. 



14. Committee to confer with the United States Geologist in regard to 
cooperation between the Government and State Geological Surveys. 



James Hall, of Albany, 
T. Sterry Hunt, of Montreal, 
J. S. Newberry, of New York, 
N. H. Winchell, of Minneapolis, 



C. H. Hitchcock, of Hanover, 
J. P. Lesley, of Philadelphia, 
G. H. Cook, of Brunswick, 
E. A. Smith, of Tuscaloosa, 



Joseph Le Conte, of San Francisco. 
This Committee has power to add to its number. 



15. Auditors. 



Henry Wheatland, of Salem, | Thomas Meehan, of Gerraantown. 
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COMMONWEALTH OF MASSACHUSETTS. 



IN THE YEAR ONE THOUSAND EIGHT HUNDRED AND SEVENTY-FOUR. 



AN ACT 

To Incorporate the " American Association tor the 

Advancement of Science." 

Be it enacted by the Senate and House of Representatives, in General Court 
assembled, and by the authority of the same, as follows : 

Section 1. Joseph Henry of Washington, Benjamin Pierce of Cam- 
bridge, James D. Dana of New Haven, James Hall of Albany, Alexis 
Caswell of Providence, Stephen Alexander of Princeton, Isaac Lea of 
Philadelphia, F. A. P. Barnard of New York, John S. Newberry of Cleve- 
land, B. A. Gould of Cambridge, T. Sterry Hunt of Boston, Asa Gray of 
Cambridge, J. Lawrence Smith of Louisville, Joseph Lovering of Cam- 
bridge and John LcConte of Philadelphia, their associates, the officers 
and members of the Association, known as the "American Association 
for the Advancement of Science," and their successors, are hereby made 
a corporation by the name of the " American Association for the 
Advancement of Science," for the purpose of receiving, purchasing, 
holding and conveying real and personal property, which it now is, or 
hereafter may be possessed of, with all the powers and privileges, and 
subject to the restrictions, duties and liabilities set forth in the general 
laws which now or hereafter may be in force and applicable to such cor- 
porations. * 

Section 2. Said corporation may have and hold by purchase, grant, 
gift or otherwise, real estate not exceeding one hundred thousand 
dollars in value, and personal estate of the value of two hundred and 
fifty thousand dollars. 

Section 3. Any two of the corporators above named are hereby 
authorized to call the first meeting of the said corporation in the month 
of August next ensuing, by notice thereof "by mail," to each member of 
the said Association. 

Section 4. This act shall take effect upon its passage. 

House of Representatives, March 10, 1874. 

Passed to be enacted, 

John E. Sanford, Speaker 
In Senate, March 17, 1874. 

Passed to be enacted, March 19, 1874. 

Geo. B. Loring, President. Approved, 

W. B. Washburn. 
Secretary's Department, 

Boston, April 3, 1874. 

A true copj r , Attest: 

David Pulsifkr, 

Deputy Secretary of the Commonwealth. 
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CONSTITUTION 

OF THE 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT 

OF SCIENCE.* 

Incorporated by Act of the General Court of the Commonwealth of Massachusetts. 



Objects. 

• 

Article 1. The objects of the Association are, by periodical and mi- 
gratory meetings, to promote intercourse between those who are culti- 
vating science in different parts of America, to give a stronger and more 
general impulse and more systematic direction to scientific research, and 
to procure for the labors of scientific men increased facilities and a wider 
usefulness. 

Members, Fellows, Patrons and Honorary Fellows. 

Art. 2. The Association shall consist of Members, Fellows, Patrons, 
and Honorary Fellows. 

Art. 3. Any person may become a Member of the Association upon 
recommendation in writing by two members or fellows, nomination by 
the Standing Committee, and election by a majority of the members and 
fellows present in General Session. 

Art. 4. Fellows shall be nominated by the Standing Committee from 
such of the members as are professionally engaged in science, or have by 
their labors aided in advancing science. The election of fellows shall be 
by ballot and a majority vote of the members and fellows present in Gen- 
eral Session. f 

Art. 5. Any person paying to the Association the sum of one thousand 
dollars shall be classed as a Patron, and shall be entitled to all the 
privileges of a member and to all its publications. 

Art. 6. Honorary Fellows of the Association, not exceeding three for 
each section, may be elected ; the nominations to be made by the Stand- 



•">As amended nt the Cincinnati Meeting, August, 1881, and to take effect at the Mon- 
treal Meeting, J.ngust, 1882. 

tWhen this article was adopted in 1874 the following clause was added, but was 

stricken out as inoperative when the constitution was amended in 1881 : — 

"But all persons who may be members at the time of the adoption of this constitu 
tion may become fellows by signifying their desire to this effect Before the first day of 
August, 1875." 

(xxiil) 



XXIV CONSTITUTION. 

lng Committee and approved by ballot In the respective sections before 
election by ballot In General Session. Honorary Fellows shall be entitled 
to all the privileges of fellows and shall be exempt from all fees and as- 
sessments, and entitled to all publications of the Association issued after 
the date of their election. 

Abt. 7. The name of any member or fellow two years in arrears for 
annual dues shall be erased from the list of the Association, provided that 
two notices of indebtedness, at an Interval of at least three months, shall 
have been given ; and no such person shall be restored until he has paid 
his arrearages or has been reelected. 

Art. 8. No member or fellow shall take part in the organization of, or 
hold office in, more than one section at any one meeting. 

Officers. 

Abt. 9. The Officers of the Association shall be elected by ballot in 
General Session from the fellows, and shall consist of a President, a 
Yice President from each section, a Permanent Secretary, a General Sec- 
retary, an Assistant General Secretary, a Treasurer, and a Secretary of 
each Section ; these, with the exception of the Permanent Secretary, shall 
be elected at each meeting for the following one, and,' with the exception 
of the Treasurer and the Permanent Secretary, shall not be regliglble for 
the next two meetings. The term of office of Permanent Secretary shall 
be five years. 

Abt. 10. The President, or, in his absence, the senior Vice President 

, present, shall preside at all General Sessions of the Association and at all 

meetings of the Standing Committee. It shall also be the duty of the 

President to give an address at a General Session of the Association at the 

meeting following that over which he presided. 

Art. 11. The Vice Presidents shall be the chairmen of their respective 
Sections, and of their Sectional Committees, and it shall be part of their 
duty to give an address, each before his own section, at such time as the 
Standing Committee shall determine. The Vice Presidents may appoint 
temporary chairmen to preside over the sessions of their sections, but 
shall not delegate their other duties. The Vice Presidents shall have 
seniority in order of their continuous membership in the Association. 

Abt. 12. The General Secretary shall be the Secretary of all General 
Sessions of the Association, and shall keep a record of the business of 
these sessions. He shall receive the records from the Secretaries of the 
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Sections, which, after examination, he shall transmit with his own records 
to the Permanent Secretary within two weeks after the adjournment of 
the meeting. He shall receive proposals for membership and bring them 
before the Standing Committee. 

Art. 13. The Assistant General Secretary shall be the Secretary of 
the Standing Committee. He shall give to the Secretary of each Section 
the titles of papers assigned to it by the Standing Committee. 

Art. 14. The Permanent Secretary shall be the executive officer of the 
Association under the direction of the Standing Committee. He shall 
attend to all business not specially referred to committees nor otherwise 
constitutionally provided for. He shall keep an account of all business 
that he has transacted for the Association, and make annually a general 
report for publication in the annual volume of Proceedings. He shall 
attend to the printing and distribution of the annual volume of Pro- 
ceedings, and all other printing ordered by the Association. He shall 
issue a circular of information to members and fellows at least three 
months before each meeting, and shall, in connection with the Local 
Committee, make all necessary arrangements for the meetings of the 
Association. He shall provide the Secretaries of the Association with 
such books and stationery as may be required for their records and busi- 
ness, and shall provide members and fellows with such blank forms as 
may be required for facilitating the business of the Association. He shall 
collect all assessments and admission fees, and notify members and fellows 
of their election, and of any arrearages. He shall receive, and bring 
before the Standing Committee, the titles and abstracts of papers pro- 
posed to be read before the Association. He shall keep an account of all 
receipts and expenditures of the Association, and report the same annually 
at the first meeting of the Standing Committee, and shall pay over to the 
Treasurer such unexpended funds as the Standing Committee may direct. 
He shall receive and hold in trust for the Association all books, pamphlets 
and manuscripts belonging to the Association, and allow the use of the 
same under the provisions of the Constitution and the orders of the 
Standing Committee. He shall receive all communications addressed to 
the Association during the interval between meetings, and properly attend 
to the same. He shall at each meeting report the names of fellows and 
members who have died since the preceding meeting. He shall be allowed 
a salary which shall be determined by the Standing Committee, and may 
employ one or more clerks at such compensation as may be agreed upon 
by the Standing Committee. 



XXVI CONSTITUTION. 

Art. 15. The Treasurer shall invest the funds received by him in such 
securities as may be directed by the Standing Committee. He shall 
annually present to the Standing Committee an account of the funds in 
his charge. No expenditure of the principal in the hands of the Treas- 
urer shall be made without a unanimous vote of the Standing Committee, 
and no expenditure of the income received by the Treasurer shall be 
made without a two-thirds vote of the Standing Committee. 

Art. 16. The Secretaries of the Sections shall keep the records of their 
respective sections, and, at the close of the meeting, give the same, 
including the records of subsections, to the General Secretary. They 
shall also be the Secretaries of the Sectional Committees. The Secre- 
taries shall have seniority in order of their continuous membership in the 
Association. 

Art. 17. In case of a vacancy in the office of the President, one of the 
Vice Presidents shall be elected by the Standing Committee as the Presi- 
dent of the meeting. Vacancies in the offices of Vice President, Perma- 
nent Secretary, General Secretary, Assistant General Secretary, and Treas- 
urer, shall be filled by nomination of the Standing Committee and election 
by ballot in General Session. A vacancy in the office of Secretary of a 
Section shall be filled by nomination and election by ballot in the Section. 

Art. 18. The Standing Committee shall consist of the past Presidents, 
and the Vice Presidents of the last meeting, together with the President, 
the Vice Presidents, the Permanent Secretary, the General Secretary, the 
Assistant General Secretary, the Secretaries of the Sections, and the 
Treasurer of the current meeting, with the addition of one fellow elected 
from each Section by ballot on the first day of its meeting. The members 
present at any regularly called meeting of the Committee, provided there 
are at least five, shall form a quorum for the transaction of business. The 
Standing Committee shall meet on the clay preceding each annual meeting 
of the Association, and arrange the programme for the first day of the 
sessions. The time and place of this first meeting shall be designated by 
the Permanent Secretary. Unless otherwise agreed upon, regular meet- 
ings of the Committee shall be held in the committee room at 9 o'clock, 
a.m., on each day of the meeting of the Association. Special meetings 
of the Committee may be called at any time by the President. The 
Standing Committee shall be the board of supervision of the Association, 
and no business shall be transacted by the Association that has not first 
been referred to, or originated with, the Committee. The Committee 
shall receive and assign papers to the respective sections ; examine and, 
if necessary, exclude papers ; decide which papers, discussions and other 
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proceedings shall be published, and have the general direction of the 
publications of the Association ; manage the financial affairs of the Asso- 
ciation; arrange the business and programmes for General Sessions; 
suggest subjects for discussion, investigation or reports ; nominate mem- 
bers and fellows ; and receive and act upon all invitations extended to the 
Association and report the same at a General Session of the Association. 

Art. 19. The Nominating Committee shall consist of the Standing 
Committee, and one member or fellow elected by each of the Sec- 
tions. It shall be the duty of this Committee to meet at the call of 
the President and nominate the general officers for the following meeting 
of the Association. It shall also be the duty of this Committee to rec- 
ommend the time and place for the next meeting. The Vice President 
and Secretary of each Section shall be recommended to the Nominating 
Committee by a sub-committee consisting of the Vice President, Sec- 
retary, and three members or fellows elected by the Section. 

Meetings. 

Art. 20. The Association shall hold a public meeting annually, for one 
week or longer, at such time and place as may be determined by vote of the 
Association, and the preliminary arrangements for each meeting shall be 
made by the Local Committee, in conjunction with the Permanent Secre- 
tary and such other persons as the Standing Committee may designate. 

Art. 21. General Sessions shall be held at 10 o'clock, a. m., unless 
otherwise ordered, on every day of the meeting, Sunday excepted, and 
at such other times as may be appointed by the Standing Committee. 

Sections and Subsections. 

Art. 22. The Association shall be divided into nine Sections, namely :— 
A, Mathematics and Astronomy; B, Physics; C, Chemistry, including its 
application to agriculture and the arts; D, Mechanical Science; E, Geology 
and Geography; F, Biology; G, Histology and Microscopy; H, Anthro- 
pology; I, Economic Science and Statistics. The Standing Committee 
shall have power to consolidate any two or more Sections temporarily, and 
such consolidated Sections shall be presided over by the senior Vice 
President and Secretary of the Sections comprising it. 

Art. 23. Immediately on the organization of a Section there shall be 
three fellows elected by ballot after open nomination, who, with the Vice 
President and Secretary, shall form its Sectional Committee. The Sec- 
tional Committees shall have power to fill vacancies in their own numbers. 
Meetings of the Sections shall not be held at the same time with a General 
Session. 
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Ast. 24. The Sectional Committee of any Section may at its pleasure 
form one or more temporary Subsections, and may designate the officers 
thereof. The Secretary of a Subsection shall, at the close of the meeting, 
transmit his records to the Secretary of the Section. 

Art. 25. A paper shall not be read in any Section nor Subsection until 
it has been received from the Standing Committee and placed on the 
programme of the day by the Sectional Committee. 

Sectional Committees. 

Art. 26. The Sectional Committees shall arrange and direct the busi- 
ness of their respective Sections. They shall prepare the daily pro- 
grammes and give them to the Permanent Secretary for printing at the 
earliest moment practicable. No titles of papers shall be entered on the 
daily programmes except such as have passed the Standing Committee. 
No change shall be made in the programme for the day In a Section with- 
out the consent of the Sectional Committee. The Sectional Committees 
may refuse to place the title of any paper on the programme ; but every 
such title, with the abstract of the paper or the paper itself, must be re- 
turned to the Standing Committee with the reasons why it was refused. 

Art. 27. The Sectional Committees shall examine all papers and ab- 
stracts referred to the sections, and they shall not place on the pro- 
gramme any paper inconsistent with the character of the Association ; 
and to this end they have power to call for any paper, the character of 
which may not be sufficiently understood from the abstract submitted. 

Papers and Communications. 

Art. 28. All members and fellows must forward to the Permanent 
Secretary, as early as possible, and when practicable before the conven- 
ing of the Association, full titles of all the papers which they propose to 
present during the meeting, with a statement of the time that each will 
occupy in delivery, and also such abstracts of their contents as will give 
a general idea of their nature; and no title shall be referred by the 
Standing Committee to the Sectional Committee until an abstract of the 
paper or the paper itself has been received. 

Art. 29. If the author of any paper be not ready at the time assigned, 
the title may be dropped to the botton; of the list. 

Art. SO. Whenever practicable, the proceedings and discussions at 
General Sessions, Sections and Subsections shall be reported by profes- 
sional reporters, but such reports shall not appear in print as the official 
reports of the Association unless revised by the Secretaries. 



CONSTITUTION. xxix 

Printed Proceedings. 

Art. 81. The Permanent Secretary shall have the Proceedings of each 
meeting printed in an octavo volume as soon after the meeting as possible, 
beginning one month after adjournment. Authors must prepare their 
papers or abstracts ready for the press and forward them to the Perma- 
nent Secretary within this interval, otherwise only the abstracts or titles 
taken from the "title blanks" will appear in the printed volume. The 
Standing Committee shall have power to order the printing of any paper 
by abstract or title only. Whenever practicable, proofs shall be for- 
warded to authors for revision. If any additions or substantial altera- 
tions are made by the author of a paper after its submission to the Secre- 
tary, the same shall be distinctly Indicated. Illustrations must be pro- 
vided for by the authors of the papers, or by a special appropriation from the 
Standing Committee. Immediately on publication of the volume, a copy 
shall be forwarded to every member and fellow of the Association who shall 
have paid the assessment for the meeting to which it relates, and it shall 
also be offered for sale by the Permanent Secretary at such price as may 
be determined by the Standing Committee. The Standing Committee shall 
also designate the institutions to which copies shall be distributed. 

Local Committee. 

Art. 32. The Local Committee shall consist of persons interested in 
the objects of the Association and residing at or near the place of the 
proposed meeting. It is expected that the Local Committee, assisted by 
the officers of the Association, will make all essential arrangements for 
the meeting, and issue a circular giving necessary particulars, at least 
one month before the meeting. 

Library of the Association. 

Art. 33. All books and pamphlets received by the Association shall be 
in the charge of the Permanent Secretary, who shall have a list of the 
same printed and shall furnish a copy to any member or fellow on appli- 
cation. Members and fellows' who have paid their assessments in full 
shall be allowed to call for books and pamphlets, which shall be delivered 
to them at their expense, on their giving a receipt agreeing to make 
good any loss or damage and to return the same free of expense to the 
Secretary at the time specified in the receipt given. All books and pam- 
phlets in circulation must be returned at each meeting. Not more than 
five books, including volumes, parts of volumes, and pamphlets, shall be 
held at one time by any member or fellow. Any book may be withheld 
from circulation by order of the Standing Committee. 
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Admission Feb and Assessments. 

Art. 84. The admission fee for members shall be five dollars In addi- 
tion to the annual assessment. On the election of any member as a 
fellow an additional fee of two dollars shall be paid. 

Art. 35. The annual assessment for members and fellows shall be 
three dollars. 

Art. 36. Any member or fellow who shall pay the sum of fifty dollars 
to the Association, at any one time, shall become a Life Member and 
as such shall be exempt from all further assessments, and shall be entitled 
to the Proceedings of the Association. All money thus received shall 
be invested as a permanent fund, the income of which shall be used 
only to assist in original research, unless otherwise directed by unani- 
mous vote of the Standing Committee. 

Art. 37. All admission fees and assessments must be paid to the Per- 
manent Secretary, who shall give proper receipts for the same. 

Accounts. 

Art. 38. The accounts of the Permanent Secretary and of the Treas- 
urer shall be audited annually, by Auditors appointed by the Standing 
Committee. 

Alterations of the Constitution. 

Art. 89. No part of this Constitution shall be amended or annulled, 

without the concurrence of three-fourths of the members and fellows 

« 

present in General Session, after notice given at a General Session of a 
preceding meeting of the Association. 



ORDER OF PROCEEDINGS IN ORGANIZING A MEETING. 

1. The retiring President introduces the President elect, who takes the chair. 

2. Formalities of welcome of the Association as may be arranged by the Local 
Committee. 

8. Report of the list of papers entered and their reference to the Sections. 

4. Other reports. 

5. Announcements of arrangements by the Local Committee. 

6. Election of members. 

7. Election of fellows. 

8. Unenumerated business. 

9. Adjournment to meet in Sections, 

Shis order, so far as applicable, to be followed in subsequent General Session*. - 
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AMERICAN ASSOCIATION 
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Thompson, Mrs. Elizabeth, Stamford, Conn. (22). 
Lilly, Gen. William, Mauch Chunk, Carbon Co., Pa. (28). 

1£ E M B E B S i 1 

Abbot, S. L., M. D., 90 Mt. Vernon St., Boston, Mass. (29). 

Abbott, Dr. Chas. C, Trenton, N. J. (29). 

Abbott, E. K., M. D., Salinas, Monterey Co., Cal. (29). 

Abert, Col. James W., Newport, Ky. (31). 

Abert, S. Thayer, 1907 Pennsylvania Avenue, Washington, D. C. (30). 

Acker, E. O'C., Ass't Eng'r, U. S. N., Norristown, Pa. (28). 

Adams, Frank, 41 McGill College Avenue, Montreal, Can. (29). 

Adams, John S., M. D., Oakland, Cal. (29). 

Adams, Julius W., 155 Congress St., Brooklyn, N. Y. (29). 

Adams, Capt. Robert C, Montreal, Can. (31). 

Agard, Dr. A. H., 1259 Alice St., Oakland, Alameda Co., Cal. (28). 

Aikin, Prof. W. E. A., Baltimore, Md. (12). 

Allen, Edmund T., 404 Market St., St. Louis, Mo. (27). 

Allen, Dr. G. M., 102 Clark St., Cincinnati, Ohio (30). 

1 The numbers in parentheses indicate the meeting at which the member was elected. 
The Constitution requires that the names of all members two or more years in arrears 
shall be omitted from the list, but their names will be restored on payment of ar- 
rearages. Members not in arrears are entitled to the annual volume of Proceedings 
bound in paper. The payment of ten dollars at one time entitles a member to the 
subsequent volumes bound in cloth, or by the payment of twenty dollars, to the 
volumes bound in half morocco. 

1 Persons contributing one thousand dollars or more to the Association are classed 
as Patrons, and are entitled to the privileges of members and to the publications. 
The names of Patrons are to remain permanently on the list. 

•Any Member or Fellow may become a Life Member by the payment of fifty dollars. 
The money derived from Life Memberships is invested as a fund, the income of which 
is to be used only to aid in original research. Life Members are exempt from the 
annual assessment, and are entitled to the annual volume. The names of Life Mem- 
bers are printed in small capitals in the regular list of Members and Fellows. 
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Allen, J. M., Hartford, Conn. (22). 

Ailing, J. C, Supt. City Schools, Albert Lea, Minn. (31). 

Ailing, Miss Mary R., Acra, Greene Co. N. Y. (29). 

Allis, Solon M., Tucson, Arizona (29). 

Ammen, Daniel, Rear Admiral U. S. Navy, Washington, D. C. (26). 
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Anderson, Newton M., Columbus, Ohio (80). 

Andrews, L. W., Ph. D., Springfield, Mass. (31). 

Angus, William, 214 St. James St., Montreal, Can. (31). 

Appleton, Rev. Edw. W. t D.D., Ashbourne P. 0., Montgomery Co., 

Pa. (28). 
Archambault, U. E., Montreal, Can. (31). 
Armstrong, Lucius H., St. Nicholas, Duval Co., Fla. (30). 
Armstrong, Mrs. Lucius H., St. Nicholas, Duval Co., Fla. (30). 
Arnold, Lauren B., Rochester, N. Y. (80). 
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Baker, A. L., 32 So. Charles St., Baltimore, Md. (30). 
Baker, B. N., 32 So. Charles St., Baltimore, Md. (30). 
Baker, Frank, M. D., 366 C St., Washington, D. C. (31). 
Baker, Prof. I. O., Illinois Industrial Univ., Champaign, 111. (30). 
Baker, Prof. T. R., Millersville, Lancaster Co., Pa. (22). 
Baker, Wm. E., 158 Tremont St., Boston, Mass. (29). [(31). 

Baldwin, Miss Mary A., Summer Ave., Cor. Kearney St., Newark, N. J. 
Baldwin, Very Rev. Dean Maurice S., Montreal, Can. (31). 
Balen, Abraham D., Plainfleld, N. J. (31). 
Ballard, H. H., Lenox, Mass. (31). 
Ballou, Nahum E., M. D., Sandwich, 111. (29). 
Ballou, Wm. H., 105 Dearborn Avenue, Chicago, 111. (29). # 
Banes, Charles H., 2416 Spring Garden St., Philadelphia, Pa. (31). 
Baptie, George, Normal School, Ottawa, Ontario, Can. (29). 
Barclay, Robert, A. B., St. Louis, Mo. (30). 

Barker, Martha M., care of H. R. Barker, Steam and Gas Fixtures 
Lowell, Mass. (31). 
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Barnard, Edward E., care R. Poole, Cherry and Union Sts., Nashville, 

Tenn. (26). 
Barnard, Jas. M., Hotel Vend6me, Boston, Mass. (18). 
Barnes, Charles J., Chicago, III. (27). 
Barrows, Nathan, M. D., Hartford, Conn. (29). 
Bartlett, Arthur K., Battle Creek, Mich. (29). 
Bartlett, Prof. Edwin J., Dartmouth Coll., Hanover, N. H. (28). 
Bartlett, Dr. Homer L., Flatbush, L. I. (28). 
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Bassett, George W., M.D., Vandalia, 111. (20). 
Bassnett, Thomas, Box 936, Jacksonville, Fla. (8). 
Bassnett, Mrs. Thomas, Box 936, Jacksonville, Fla. (24). 
Bastian, Dr. David I., Clinton, Worcester Co., Mass. (25). 
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Bausch, Edward, Rochester, N. Y. (26). 

Bayne, Prof. Herbert A., Royal Military College, Kingston, Ont. (29). 
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Beach, J. Watson, Merchant, Hartford, Conn. (23). 
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Beauregard, Gen. Gustave T., New Orleans, La. (30). [(29). 

Beck with, Henry C, Passed Ass't Eng'r U. S. N., Coleman's Station, N. Y. 
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Belknap, Chas., Lieut. U. S. N., U. S. S. Vandalia, care Navy Dept., 

Washington, D. C. (29). 
Belknap, Morris B., Louisville, Ky. (29). 
Belknap, Wm. B., Louisville, Ky. (29). 

Bell, Alex. Melville, 88 Fayette St., Georgetown, D. C. (31). 
Bell, John J., Exeter, N. H. (22). 
Bell, Thomas D., McGill College, Montreal, Can. (31). 
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Bickmore, Mrs. Albert S., 12 East 41st St„ New York, N. Y. (31). 
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Johnson, Prof. S. W., Sheffield Sci, School, New Haven, Conn. (22). 1874. 
Johnson, Prof. W. W., Annapolis, Md. (29). 1881. 
Joy, Prof. Charles A., Stockbridge, Mass. (8). 1879. 
Jnlien, A. A., School of Mines, Colombia Coll., New York, N. T. (24). 1875. 

Redzie, Prof. Robert C, Lansing, Mich. (29). 1881. 

Kendall, Prof. E. Otis, 5826 Locust St., Philadelphia, Pa. (29). 1882. 

Kennan, George, 1318 Mass. At enue, Washington, D. C. (80). 1882. 

Kent, William, Pittsburgh, Pa. (26). 1881. 

Kerr, Prof. W. C, Raleigh, N. C. (10). 1874. 

Kirkwood, Prof* Daniel, Bloomington, Ind. (7). 1874. 

Lambert, Rev. Thomas R., D.D., Charlestown, Mass. (18). 1874. 
Langdon, Dr. F. W., 65 West 7th St., Cincinnati, Ohio (30). 1882. 
Langley, Prof. J. W., Univ. of Michigan, Ann Arbor, Mich. (23). 1875. 
Langley, Prof. S. P. , Director of Observatory, Allegheny, Pa. ( 18). 1874. 
Lanza, Prof. Gaetano, Mass. Inst, of Technology, Boston, Mass. (29). 

1882. 
Lattimore, Prof. S. A., Univ. of Rochester, Rochester, N. Y. (16). 1874. 
Lawrence, George N., 45 E 21st St., New York, N. Y. (7). 1877. 
Lazenby, Prof. Wm. R., Ithaca, N. Y. (80). 1882. 
Lea, Dr. Isaac, 1622 Locust St., Philadelphia, Pa. (1). 1875. 
LeConte, Dr. John L., 1625 Spruce St., Philadelphia, Pa. (1). 1874. 
LeConte, Prof. Joseph, Univ. of Cal., Berkeley, Cal. (29). 1881. 
Ledoux, Albert R., Ph. D., 17 Cedar St., New York, N. Y. (26). 1881. 
Leeds, Prof. Albert R., Stevens Institute, Hoboken, N. J. (23). 1874. 
Lesley, Prof. J. Peter, State Geol. of Pa., 1008 Clinton St., Philadelphia, 

Pa. (2). 1874. 
Lewis, Prof. Henry C, E. Washington Lane, German town, Pa. (26). 1880. 
Lilly, Gen. Wm., Mauch Chunk, Carbon Co., Pa. (28). 1882. 
Lindsley, Dr. J. Berrien, Nashville, Tenn. (1). 1874. 
Lintner, J. A., N. Y. State Mus. of Nat. Hist., Albany, N. Y. (22). 1874. 
Little, W. C, Albany, N. Y. (22). 1874. 

Litton, Abram, Washington University, St. Louis, Mo. (28). 1879. 
Lockwood, Rev. Samuel, Freehold, Monmouth Co., N. J. (18). 1875. 
Loomis, Prof. Elias, New Haven, Conn. (1). 1874. 
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Lord, Prof. Nat. W., State Univ., Columbus, Ohio (29). 1881. 

Loudon, Prof. James, Toronto, Can. (25). 1881* 

Loughrldge, Prof. R. H., Berkeley, Cal. (21). 1874. 

Love, Edward G., School of Mines, Columbia College, New York, N. Y. 

(24). 1882. 
Lovering, Prof. Joseph, Harvard University, Cambridge, Mass. (2). 1875. 
Lull* Edward P., Captain U. S. N., Navy Yard, Boston, Mass. (28). 

1880. 
Lupton, Prof. N. T., Vanderbilt University, Nashville, Tenn. (17). 1874. 
Lyle, David Alexander, Capt. of Ordnance U. S. A., National Armory, 

Springfield, Mass. (28). 1880. 
Lyman, Prof. Chester S., New Haven, Conn. (4). 1875. 
Ly irian, Hon. Theodore, Brookline, Mass. (23). 1875. 
Lyon, Dr. Henry, 84 Monument Sq., Charles town, Mass. (18). 1874. 

Mabery, C. F., Cambridge, Mass. (29). 1881. 

Macfarlane, James, Towanda, Pa. (29). 1882. 

Macloskie, Prof. George, College of New Jersey, Princeton, N. J. (25). 

1882. 
Mallery, Brevet Lieut. Col. Garrick, U. S. Army, Box 585, Washington, 

D. C. (26). 1879. 
Mann, B. Pickman. U. S. Dep't of Agric, Washington, D. C. (22). 1874. 
Marcy, Oliver, LL.D., Evanston, 111. (10). 1874. 
Mark, Edw. L., 48 Shepard St., Cambridge, Mass. (21). 1879. 
Markoe, Geo. F. H., 61 Warren St., Roxbury, Mass. (29). 1881. 
Marsh, Prof. O. C, Yale College, New Haven, Conn. (15). 1874. 
Martin, Prof. Daniel S., Rutgers Female College, New York, N. Y. (23). 

1879. 
Martin, Prof. H. Newell, Johns Hopkins Univ., Baltimore, Md. (27). 1880. 
Mason, Prof. Otis T., Columbian University, Washington, D. C. (26). 1877. 
Mayer, Prof. A. M., So. Orange, N. J. (19). 1874. 
McCauley, Capt. C. A. H., Ass't Q. M., U. S. A., 321 Michigan Ave., 

Chicago, 111. (29). 1881. 
McGee, W. J., U. S. Geol. Survey, Salt Lake City, Utah (27). 1882. 
McMurtrie, William, Dep't Agriculture, Washington, D. C. (22). 1874. 
McNalr, Lt. Commander Antoine R., U. S. N., Box 1071, Saratoga 

Springs, N. Y. (28). 1882. 
McRae, Hamilton S., Supt. of Schools. Muncie, Ind. (20). 1874. 
Meehan, Thomas, Germantown, Pa. (17). 1875. 
Mees, Carl Leo, Louisville, Ky. (24). 1876. 
Mendenhall, Prof. T. C, Columbus, Ohio (20). 1874. 
Merrlman, C. C, Rochester, N. Y. (29). 1880. 
Michelson, A. A., Master U. S. N., Nautical Almanac Office, Washington, 

D. C. (26). 1879. 
Minot, Charles Sedgwick, Roslindale P. O., Boston, Mass. (28). 1880. 
Mitchell, Miss Maria, Vassar College, Poughkeepsle, N. Y. (4). 1874. 
Mixter, Prof. Wm. G., New Haven, Conn. (30). 1882. 
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Moore, Prof* J. W., M. D., Lafayette College, Easton, Pa. (22). 1874. 

Morley, Prof. Edward W., Hudson, Ohio (18). 1876. 

Morris, Rev. John G., Baltimore, Md. (12). 1874. 

Morse, Prof. E. S., Salem, Mass. (18). 1874. 

Morton, H., Stevens Institute Technology, Hoboken, N. J. (18). 1875. 

Munroe, Prof. C. E., U. S.. Naval Academy, Annapolis, Md. (22). 1874. 

Murtfeldt, Miss Mary E., Kirkwood, Mo. (27). 1881. 

Nason, Prof. H. B., Rensselaer Polytechnic Inst., Troy, N. Y. (18). 1874. 
Nelson, Prof. A. B., Centre College, Danville, Ky. (80). 1882. 
Nelson, Prof. Edward T., Delaware, Delaware Co., Ohio (24). 1877. 
Newberry, Prof. J* S., Cleveland, Ohio, and Columbia College, New 

York, N. Y. (5). 1875. 
Newcomb, Prof. S., U. S. Naval Observ., Washington, D. C. (18). 1874. 
Newton, Hubert A., New Haven, Conn. (6). 1874. 
Nichols, E. L., Ph. D., Central Univ. Richmond, Ey. (28). 1881. 
Nichols, Prof. W. R., Mass. Inst. Technology, Boston, Mass. (18). 1875. 
Niles, Prof. W. H., Cambridge, Mass. (16). 1874. 
Nipher, Prof. F. E., Washington University, St. Louis, Mo. (24). 1876. 
Norton, Prof. W. A., New Haven, Conn. (6). 1875. 
Norwood, Charles J., Ass't Kentucky Geological Survey, Russellville, 

Ky. (26). 1881. 

Oliver, Prof. James E., Cornell University, Ithaca, N. Y. (7). 1875. 
Oliver, Miss Mary E., Cascadilla Hotel, Ithaca, N. Y. (20). 1874. 
Ordway, Prof. John M., Mass. Inst. Technology, Boston, Mass. (9). 

1875. 
Orton, Prof. Edward, President Ohio Agricultural and Mechanical College, 

Columbus, Ohio (19). 1876. 
Osborne, J. W., 212 Delaware Ave. N. E., Washington, D. C. (22). 1874. 
Osier, Prof. William, McGill College, Montreal, Canada (28). 1881. 
Owen, Dr. Richard, New Harmony, Ind. (20). 1874. 

Packard, Dr. A. S., jr., 115 Angell St., Providence, R. I. (16). 1875. 

Paine, Cyrus F., Rochester, N. Y. (12). 1874. 

Paine, Nathaniel, Worcester, Mass. (18). 1874. 

Palfray, Hon. Charles W., Salem, Mass. (21). 1874. 

Parke, John G., Lt. Col. Corps of Eng'rs, Bv't Maj. Gen. U. S. A., 

. Office of Chief of Engineers, Washington, D. C. (29). 1881. 
Parkhurst, H. M., Law Stenographer, 25 Chambers St., New York, N. Y. 

(23). 1874. 
Peckham, S. F., Providence, R. I. (18). 1875. 
Pedrick, Wm. R., Lawrence, Mass. (22). 1875. 
Peet, Rev. Stephen D., Clinton, Wis. (24). 1881. 
Peirce, B. O., Beverly, Mass. (18). 1874. 

Penhallow, Prof. D. P., Experiment Station, Mountainville, N. Y. (30). 
1882. 
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Perkins, Prof. George H., Burlington, Vt. (17). 1882. 

Perkins, Maurice, Schenectady, N. Y. (15). 1875. 

Peter, Dr. Robert, Ky. Geol. Survey, Lexington, Ky. (29). 1881. 

Pettee, Prof. William H., Ann Arbor, Mich. (24). 1875. 

Phillips, A. W., New Haven, Conn. (24). 1879. 

Phippen, Geo. D., Salem, Mass. (18). 1874. 

Pickering, Prof. E. C, Director of Observ., Cambridge, Mass. (18). 1875. 

Pike, Dr. William H., University College, Toronto, Can. (29). 1881. 

Pilling, James C., Box 685, Washington, D. C. (28). 1882. 

Piatt, Franklin, Ass't Geologist, 2nd Geol. Survey of Pa., 615 Walnut 

St., Philadelphia, Pa. (27). 1882. 
Potter, Prof. William B., Washington University, St. Louis, Mo. (25). 

1879. 
Powell, Major J. W., U. S. Geologist, 910 M St., Washington, D. C. (23). 

1875. 
Prentiss, D. Webster, M. D., Washington, D. C. (29). 1882. 
Prescott, Prof, Albert B., Ann Arbor, Mich. (23). 1875. 
Prime, Frederick, jr., Allentown Iron Co., 230 So. 3d St., Philadelphia, 

Pa. (24). 1876. 
Pritchett, Henry S., Observatory, Washington Univ., St. Louis, Mo. 

(29). 1881. 
Procter, John R., Director Ky. Geol. Survey, Frankfort, Ky. (26). 1881. 
Pnlsifer, Wm. H., St, Louis, Mo. (26). 1879. 

Pumpelly, Prof. Raphael, U. S. Geol. Survey, Newport, R. I. (17). 1875. 
Putnam, F. W., Curator Peabody Museum Archaeology and Ethnology, 

Cambridge, Mass. Address as Permanent Secretary A. A. A. S., 

Salem, Mass. (10). 1874. 
Putnam, James J., M. D., 63 Marlborough St., Boston, Mass. (28). 1880. 
Pynchon, Rev. T. R., Pres. Trinity College, Hartford, Conn. (23). 1875. 

Quimby, Prof. E. T., Hanover, N. H. (22). 1874. 

Quincy, Edmund, 88 Clinton St., Boston, Mass. (11). 1874. 

Rauch, Dr. John H., Chicago, 111. (11). 1875. 

Raymond, Rossiter W., 17 Burling Slip, New York, N. Y. (15). 1875. 

Redfleld, J. H., care A. Whitney & Sons, Philadelphia, Pa. (1). 1874. 

Reed, E. Baynes, London, Ontario, Can. (27). 1882. 

Rees, Pror. John K., Washington University, St. Louis, Mo. (26). 1878. 

Remsen, Prof. Ira, Johns Hopkins University, Baltimore, Md. (22). 1875. 

Rice, John M., U. S. Naval Academy, Annapolis, Md. (25). 1881. 

Rice, Prof. Wm. North, Middletown, Conn. (18). 1874. 

Richards, Prof. Robert H., Mass. Inst. Tech., Boston, Mass. (22). 1875. 

Richards, Mrs. Robert H., Mass. Inst, of Tech., Boston, Mass. (23). 

1878. 
Ricketts, Pierre de Peyster, Ph.D., 10 Cedar St., New York, N. Y. (26). 

1880. 
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Riley, Prof. C. V., U. S. Entomologist, 1700 13th St. N.W., Washington, 

D. C. (17). 1874. 
Ritchie, E. 8., 150 Tremont St., Boston, Mass. (10). 1877. 
Rockwell, Gen. Alfred P., Office Great Falls Manufacturing Co., Boston, 

Mass. (10). 1882. 
Rockwood, Prof. Charles G., jr., Princeton, N. J. (20). 1874. 
Rogers, Fairman, 202 West Rittenhonse Square, Philadelphia, Pa. (11). 

1874. 

Rogers, Prof. Robert E., Jefferson Medical College, Philadelphia, Pa. 

(18). 1874. 
Rogers, W. A., Ass't Prof. Harvard College Observ., Cambridge, Mass. 

(15). 1875. 
Rominger, Dr. Carl, Ann Arbor, Mich. (21). 1879. 
Rood, Prof. O. N„ Cor. E. 49th St. & Madison Are., New York, N. Y. (14). 

1876. 
Roosevelt, Clinton, 11 Wall St., New York, N. Y. (11). 1874. 
Ross, Waldo O., 189 Devonshire St., Boston, Mass. (29). 1882. 
Rowland, Prof. Henry A., Baltimore, Md. (29). 1880. 
Rankle, Prof. J. D., Mass. Inst, of Tech., Boston, Mass. (2). 1875. 
Rnssell, I. C, IT. S. Geological Survey, Salt Lake City, Utah (25). 1882. 
Rutherford, Lewis M., 175 Second Ave., New York, N. Y. (18). 1875. 

Safford, Dr. James M., Nashville, Tenn. (6). 1875. 

Sampson, Comdr. W. T., U. S. N., Naval Observatory, Washington, D. C. 

(25). 1881. 
Saunders, William, London, Ontario, Canada (17). 1874. 
Schanck, Prof. J. Stillwell, Princeton, N. J. (4). 1882. 
Schott, Charles A., U. S. Coast and Geodetic Survey Office, Washington, 

D. C (8). 1874. 
Schweitzer, Prof. Paul, State Univ. of Mo., Columbia, Mo. (24). 1877. 
Scuddkk, Samuel H., Cambridge, Mass. (13). 1874. 
Seaman, W. H., Microscoplst, 1424 11th St. N. W., Washington, D. C. (28). 

1874. 
Seller, Carl, M. D., Philadelphia, Pa. (29). 1882. 
Sestiui, Rev. B., Woodstock, Md. (29). 1882. 
Sheafer, P. W., Pottsville, Pa. (4). 1879. 

Sias, Solomon, M.D., Schoharie, Schoharie Co., N. Y. (10). 1874. 
Sigsbee, Chas. D., Comd'r U. S. N., Navy Dep't, Washington, D. C. (28). 

1882. 
Sill, Hon. Ellsha N., Cuyahoga Falls, Ohio (6). 1874. 
SUliman, Prof. Benj., Yale College, New Haven, Conn. (1). 1874. 
Silliman, Prof. Justus M., Lafayette College, Easton, Pa. (19). 1874. 
Skinner, Joseph J., New Britain, Conn. (23). 1880. 
Smith, Prof. E. A., University of Alabama, Tuscaloosa, Ala. (20). 1877. 
Smith, Mrs. Erminnie A., 203 Pacific Ave., Jersey City, N. J. (25). 1880. 
Smith, Prof. F. H., University of Virginia, Charlottesville, Va. (26). 1880. 
Smith, Dr. J. Lawrence, Louisville, Ky. (1). 1874. 
Smith, Quintius C, M. D., Box 707, Austin, Texas (26). 1881. 



\ 
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Smith, Prof. S. I., Yale College, New Haven, Conn. (18). 1875. 
Smock, Prof. John Conover, Box 282, New Brunswick, N. J. (23). 1879. 
Snow, Prof. F. H., Lawrence, Kan. (29). 1881. 
Snyder, Prof. Monroe B., High School Observatory, Philadelphia, Pa. (24). 

1882. 
Spencer, Prof. J. William, Univ. of Missouri, Columbia, Mo. (28). 1882. 
Spencer, John W., Geol., Paxton, Sullivan Co., Ind. (20). 1874. 
Springer, Dr. Alfred, Box 673, Cincinnati, Ohio (24). 1880. 
Stallo, J. B., Masonic Temple, Cincinnati, Ohio (30). 1882. 
Stanard, Benjamin A., Cleveland, Ohio (6). 1874. 
Stearns, Henry P., M.D., Hartford, Conn. (23). 1874. 
Stearns, R. E. C, Box 13, Berkeley, Cal. (18). 1874. 
Steiner, Dr. Lewis H., Frederick City, Md. (7). 1874. 
Stephens, W. Hudson, Lowville, N. Y. (18). 1874. 
Sternberg, George M., Surgeon U.S.A., Care Surgeon General, U.S.A., 

Washington, D. C. (24). 1880. 
Stevens, W. LeConte, 170 Joralemon St., Brooklyn, N. Y. (29). 1882. 
Stockwell, John N., 579 Case Avenue, Cleveland, Ohio (18). 1876. 
Stone, George H., Colorado Springs, Col. (29). 1882. 
Stone, Mrs. Leander, 3352 Indiana Avenue, Chicago, 111. (22). 1874. 
Stone, Ormond, Director Leander McCormick Observatory, Univ. of Va., 

Va. (24). 1876. 
Storrs, Henry E., Jacksonville, 111. (20). 1874. 
Story, Wra. E., Johns Hopkins Univ., Baltimore, Md. (29). 1881. 
Stuart, Prof. A. P. S., Lincoln, Nebraska (21). 1874. 
Sturtevant, E. Lewis, M. D., Geneva, N. Y. (29). 1882. 
Sutton, Dr. George, Aurora, Dearborn Co., Ind. (20). 1881. 
Swallow, Prof. G. C, Columbia, Mo. (10). 1875. 
Swift, Lewis, Ph. D., Rochester, N. Y. (29). 1882. # 

t 

Tainter, Sumner, 1221 Connecticut Ave., Washington, D. C. (29). 1881. 
Tappan, Prof. Eli T., Kenyon College, Gambler, Ohio (20). 1874. 
Taylor, Arthur F., Ph. D., Case School of Applied Science, Cleveland, 

Ohio (29). 1882. 
Taylor, Wm. B., Smithsonian Institution,. Washington, D. C. (29). 1881. 
Terry, Prof. N. M., U. S. Naval Academy, Annapolis, Md. (23). 1874. 
Thomas, Benj. F., Ph. D., Univ. State of Missouri, Columbia, Mo. (29). 

1882. 
Thurston, Prof. R. H., Stevens Institute, Hoboken, N. J. (23). 1875. 
Todd, Prof. David P., Director Lawrence Observatory, Amherst College, 

Amherst, Mass. (27). 1881. 
Townshend, Prof. N. S., Columbus, Ohio (17). 1881. 
Tracy, Sam'i M., Columbia, Boone Co., Mo. (27). 1881. 
Trembley, J. B., M.D., Oakland, Alameda Co., Cal. (17). 1880. 
Trowbridge, Prof. John, Harvard University, Cambridge, Mass. (25). 

1876. 
Trowbridge, Prof. W. P., New Haven, Conn. (10). 1874. 
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True, Fred W., U. S. National Museum, Washington, D. C. (28). 1882. 
Trumbull, Dr. J. Hammond, Hartford, Conn. (29). 1882. 
Tuttle, Prof. Albert H., Columbus, Ohio (17). 1874. 



Uhler, Philip R., Baltimore, Md. (19). 1874. 
Upham, Warren, Nashua, N. H. (25). 1880. 

Vau der Weyde, P. H., M. D., Box 3619, New York, N. Y. (17). 1874. 
Van Dyck, Prof. Francis Cuyler, New Brunswick, N. J. (28). 1882. 
Van Vieck, Prof. John M., Middletown, Conn. (23). 1875. 
Verrill, Prof. A. E., Yale College, New Haven, Conn. (16). 1875. 
Vose, Prof. George L., Mass. Inst. Technology, Boston, Mass. (15). 1875. 



Wadsworth, M. Edward, Ph. D., Assistant in Lithology, Museum of Com- 
parative Zoology, Cambridge, Mass. (23). 1874. 

Walcott, Charles D., U. S. Geol. Survey, Washington, D. C. (25). 1882. 

Waldo, Leonard, S. D., New Haven, Conn. (28). 1880. 

Walker, Prof. J. R., 154 Canal St., New Orleans, La. (19). 1874. 

Walker, Prof. Joseph B. (20). 1874. 

Wallace, Wm., Ansonia, Conn. (28). 1882. 

Wallkr, E., School of Mines, Columbia College, New York, N. Y. (28). 
1874. 

Walling, H. F., U. S. Coast and Geodetic Survey Office, Washington, 
D. C. (16). 1874. 

Ward, Prof. Henry A., Rochester, N. Y. (13). 1875. 

Ward, Lester F., U. S. Geological Survey, Washington, D. C. (26). 
* 1879. 

Ward, Dr. R. H., 53 Fourth St., Troy, N. Y. (17). 1874. 

Warder, Prof. Robert B., North Bend, Hamilton Co., Ohio (19). 1881. 

Warnkh, Jamks D., 199 Baltic St., Brooklyn, N. Y. (18). 1874. 

Warren, Cyrus M., Brookllne, Mass. (29). 1882. 

Warren, Prof. S. Edward, Newton, Mass. (17). 1875. 

Watson, Sereno, Botanic Gardens, Cambridge, Mass. (22). 1875. 

Wead, Prof. Charles K., Univ. of Michigan, Ann Arbor, Mich. (23). 1880. 

Webster, Prof. H. E., Union College, Schenectady, N. Y. (28). 1882. 

Webster, Prof. N. B., Principal Webster Inst., Norfolk, Va. (7). 1874. 

Wells, Daniel H., Hartford, Conn. (18). 1875. 

Westcott, O. S., Maywood, 111. (21). 1874. - 

Wheatland, Dr. Henry, President Essex Inst., Salem, Mass. (1). 1874. 

Wheeler, Capt. Geo. M., U. S. E., Lock Box 93, Washington, D. C. (25). 
1879. 

Wheeler, Orlando B., Ass't U. S. Lake Survey, Detroit, Mich. (24). 1882. 

Wheildon, W. W., Concord, Mass. (13). 1874. 

White, Prof. C. A., Le Droit Park, Washington, D. C. (17). 1875. 

White, Prof. I. C, Univ. of W. Va., Morgantown, W. Va. (25). 1882. 
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Whitfield, R. P., American Museum Natural History, 77th St. & 8th Ave- 
nue, New York, N. Y. (18). 1874. 

Whitman, Cbas. 0., care G. F. Leonard, Newton Highlands, Mass. (27). 
1889. 

Whitney, Solon F., Watertown, Mass. (20). 1874. 

Whittlesey, Col. Charles, 1305 Euclid Ave., Cleveland, Ohio (1). 1875. 

Wilber, G. M., Pine Plains, N. Y. (19). 1874. 

Wilbur, A. B., Port Jervis, Orange Co., N. Y. (23). 1874. 

Wilder, Prof. Burt G., Cornell University, Ithaca, N. Y. (22). 1875. 

Wiley, Prof. Harvey W., Dept. of Agric, Washington, D. C. (21). 1874. 

Williams, Charles H., M.D., 15 Arlington St., Boston, Mass. (22). 1874. 

Williams, H. S., Cornell Univ., Ithaca, N. Y. (18). 1882, 

Williams, Prof. Henry W., 15 Arlington St., Boston, Mass. (11), 1874. 

Wilson, Prof. Daniel, President University College, 117 Bloor St., 
Toronto, Canada (25). 1876. 

Winchell, Prof. Alex., Ann Arbor, Mich. (3). 1875. 

Winchell,Prof.N. H.,Univ. of Minnesota, Minneapolis, Minn. (19). 1874. 

Winsor, Justin, Librarian Harvard Univ., Cambridge, Mass. (29). 1882. 

Woerd, Chas. V., Am. Watch Co., Waltham, Mass. (29). 1881. 

Wood, Prof. De Volson, Hoboken, N. J. (29). 1881. 

Wormley, T. G., Univ. of Pennsylvania, Philadelphia, Pa. (20). 1878. 

Worthen, A. H., Springfield, III. (5). 1874. 

Wright, Prof. Albert A., Oberlin College, Oberlin, Ohio (24). 1880. 

Wright, Prof. Arthur W., Yale College, New Haven, Conn. (14). 1874. 

Wright, Rev. Geo. F., Oberlin College, Oberlin, Ohio (29). 1882. 

Wurtele, Rev. Louis C, Acton Vale, Province of Quebec, Can . (11). 1875. 

Wyckoff, Wm. C, 44 Howard St., New York, N. Y. (20). 1874. 

Wylie, Prof. Theoph. A., Indiana Univ., Bloomington, Ind. (20). 1874. 

Youmans, Prof. Edward L., New York, N. Y. (6). 1874. 
Young, C. A., Prof, of Astronomy, College of New Jersey, Princeton, 
N. J. (18). 1874. 

Zentmayer, Joseph, 147 So. Fourth St., Philadelphia, Pa. (29). 1882. 

[515 Fellows.] 
Total number of Members of the Association, 1922. 



DECEASED MEMBERS. 



[Information respecting omissions in this list, and the date of birth and of decease 
of any of the former member*, is requested by the Permanent Secretary.] 

Abbe, George W., New York, N. Y. (23). Died Sept. 25, 1879. 

Abert, J. J., Washington, D. C. (1). Born in 1785. Died January 27, 

1868. 
Adams, C. B., Amherst, Mass. (1). Born January 11, 1814. Died Jan'y 
Adams, Edwin F., Charlestown, Mass. (18). [19, 1853. 

Adams, Samuel, Jacksonville, 111. (18). Born Dec. 19, 1806. Died April 

29, 1877. 
Agassiz, Louis, Cambridge, Mass. (1). Born May 28, 1807. Died Dec. 
Ainsworth, J. G., Barry, Mass. (14). [14, 1873. 

Allen, Thomas, St. Louis, Mo. (27). Died April 8, 1882. 
Allen, Zachariah, Providence, R. I. (1). Died March 17, 1882. 
Allston, R. F. W., Georgetown, S. C. (3). Born April 21, 1801, Died 

April 7, 1864. 
Ames, M. P., Springfield, Mass. (1). Born in 1803. Died April 23, 1847. 
Andrews, Ebenezer B., Lancaster, Ohio (7). Died Aug. 21, 1880, aged 59. 
Anthony, Charles H., Albany, N. Y. (6). Died in 1874. 
Apple ton, Nathan, Boston, Mass. (1). Born Oct. 6, 1779. Died July 14, 

1861. 
Armstrong, John W., Fredonia, N. Y. (24). 
Atwater, Mrs. S. T., Chicago, 111. (17). Born Aug. 8, 1812. Died April 11, 

1878. 
Aufrecht, Louis, Cincinnati, Ohio (30). 

Bache, Alexander D., Washington, D. C. (1). Born July 19, 1806. Died 

Feb. 17, 1867. 
Bache, Franklin, Philadelphia, Pa. (1). Born Oct. 25, 1792. Died March 

19, 1864. 
Bailey, Jacob W., West Point, N. Y. (1). Born April 29, 1811. Died 
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Curry, W. F., Geneva, N. Y. (11). [1871. 

Dalrymple, E. A., Baltimore, Md. (11). Died Oct. 30, 1881. 

Dayton, Edwin A., Madrid, N. Y. (7). Born in 1827. Died June 24, 1873. 

Dean, Amos, Albany, N. Y. (6). Born Jan. 16, 1803. Died Jan. 26, 1868. 

Dearborn, George H. A. S., Roxbury, Mass. (I). 

Dekay, James E., New York, N.Y. (1). Born in 1792. Died Nov. 21, 1851. 

DeLaski, John, Carver's Harbor, Me. (18). 

Dewey, Chester, Rochester, N. Y. (1). Born Oct. 25, 1781. Died Dec. 15, 

Dexter, G. M., Boston, Mass. (11). [1867. 

Dillingham, W. A. P., Augusta, Me. (17). 
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Townsend, Howard, Albany, N. Y. (10). Died iu 1867. 
Townsend, John K., Philadelphia, Pa. (1). 
Townsend, Robert, Albany, N. Y. (9). Died in 1866. 
Troost, Gerard, Nashville, Tenn. (1). Born March 15, 1776. Died Aug. 

14, 1850. 

Tuomey, Michael, Tuscaloosa, Ala. (1). Born September 29, 1805. Died 

March 20, 1857. 
Tyler, Edward R., New Haven, Conn. (1). Died Sept. 28, 1848. 

Vancleve, John W., Dayton, Ohio (1). 
Vanuxem, Lardner, Bristol, Pa. (1). 

Vaux, William S., Philadelphia, Pa. (1). Born May 19, 1811. Died May 
5, 1882. 

Wadsworth, James S., Genesee, N. Y. (2). Born October 30, 1807. Died 

May 8, 1864. 
Wagner, Tobias, Philadelphia, Pa. (9). 
Walker, Joseph, Oxford, N. Y. (10). 
Walker, Sears C, Washington, D. C. (O. Born March 28, 1805. Died 

January 30, 1853. 
Walker, Timothy, Cincinnati, Ohio (4). Born Dec. 1, 1802. Died Jan. 

15, 1856. 

Walsh, Benjamin D., Rock Island, 111. (17). 

Wanzer, Ira, Brookfleld, Conn. (18). Born April 17, 1796. Died March 

5, 1879. 
Warren, Gouverneur Eemble, Newport, R. I. (12). Died Aug. 8, 1882, 

in his 64th year. 
Warren, John C, Boston, Mass. (1). Born Aug. 1, 1778. Died May 4, 

1856. 
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Watertown, Charles, Wakefield, Eng. (1). 

Watkins, Samuel, Nashville, Tenn. (26). 

Watson, J. Craig, Ann Arbor, Mich. (13). Born Jan. 28, 1838. Died 

Nov. 23, 1880. 
Webster, Horace B., Albany, N. Y. (1). Died Dec. 8, 1843. 
Webster, J. W., Cambridge, Mass. (1). Died Aug. 30, 1850, aged 57. 
Webster, M. H., Albany, N. Y. (1). 
Weed, Monroe, Wyoming, N. Y. (6). Died in 1867. 
Welch, Mrs. G. O., Lynn, Mass. (^21). Died in June, 1882. 
Weyman, George W., Pittsburgh, Pa. (6). Born April, 1832. Died July 

16, 1864. 
Wheatley, Charles M., Phoenixville, Pa. (1). Died May 6, 1882. 
Wheatland, Richard H., Salem, Mass. (13). Born July 6, 1830. Died 

Dec. 21, 1863. 
Wheeler, Arthur W., Baltimore, Md. (29). Born in March, 1859. Died 

Jan. 6, 1881. 
White, Samuel S., Philadelphia, Pa. (23). Died Dec. 30, 1879. 
Whiting, Lewis E., Saratoga Springs, N. Y. (28). Born March 7, 1815. 

Died Aug. 2, 1882. 
Whitman, Wm. E., Philadelphia, Pa. (23). Died in 1875. 
Whitney, Asa, Philadelphia, Pa. (1). Born Dec. 1, 1791. Died June 4, 

1874. 
Whittlesey, Charles C, St. Louis, Mo. (11). Died in 1872. 
Willard, Emma, Troy, N. Y. (15). Born Feb. 23, 1787. Died April 15, 

1870. 
Williamson, R. S., San Francisco, Cal. (12). 
Wilson, W. C, Carlisle, Pa. (12). 
Winlock, Joseph, Cambridge, Mass. (5). Born Feb. 6, 1826. Died June 

11, 1875. 
Woodbury, Levi, Portsmouth, N. H. (1). Born Dec. 22, 1789. Died 

Sept. 4, 1851. 
Woodman, John S., Hanover, N. H. (11). Born in 1819. Died May 15, 

1871. 
Wright, John, Troy, N. Y. (1). 
Wyman, Jeffries, Cambridge, Mass. (1). Born Aug. 11, 1814. Died Sept. 

4, 1874. 

Yarnall, M., Washington, D. C. (26). Born in 1817. Died Jan. 27, 1879. 
Young, Ira, Hanover, N. H. (1). Died Sept. 14, 1858, aged 57. 
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BY 

Pbopbssob GEORGE J. BRUSH, 

THE RETIRING PRESIDENT OF THE ASSOCIATION. 



A SKETCH OF THE PROGRESS OF AMERICAN MINERALOGY. 



Mr. President, and Fellow Members of the American Asso- 
ciation for the Advancement of Science: — 

The change in the Constitution effected at our last meeting, ex- 
tending the scope of the Association and dividing it into nine sec- 
tions, each with a Vice President, whose dnty it is to deliver an 
address to the section over which he presides, has relieved the re- 
tiring President from attempting a general review of the progress 
of science during the past year. 

I turn, therefore, to a more special subject, and invite your at- 
tention this evening to a sketch of the progress of American Min- 
eralogy, since the commencement of this century, with particular 
reference to the labors of some of the early workers in the science 
on this continent. 

During the last quarter of the eighteenth century, while great 
activity existed and rapid advance was made in the study of chem- 
istry and mineralogy in Europe, almost nothing was accomplished 
in this new country. It is true that students in other departments 
of science, especially members of the medical profession, in the 
cities of Philadelphia, New York and Boston, attempted to arouse 
an interest in mineralogy, believing that the diffusion of a knowl- 
edge of this science would be of the utmost importance in the ma- 
terial development of the country. There were, however, no text- 

A. A. A. S., VOL. XXXI. 1 (1) 
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books to aid the inquirer. There were no collections of minerals 
to stimulate the student. In the absence of these it was almost 
impossible that an interest in this science should be fostered, or 
that a spirit of investigation should be awakened. 

As the first distinct beginning of the science, I may mention an 
association formed in 1798 in the city of New York, which as- 
sumed, as they expressed it, "the name and style of the American 
Mineralogical Society 1 . It announced as its object u the investiga- 
tion of the Mineral and Fossil bodies which compose the Fabric of 
the Globe, and more especially for the Natural and Chemical His- 
tory of the Minerals and Fossils of the United States." The dis- 
tinguished Dr. Samuel Latham Mitchill, who seems to have been 
a man of universal genius, was at once its first president, its li- 
brarian, and its cabinet-keeper. The committee of the society 
issued a circular, in which, while expressing themselves, "desirous 
of obtaining and diffusing by every means in their power a correct 
and extensive knowledge of the mineral treasures of their country, 
they earnestly solicited their fellow-citizens to communicate to 
them on all mineralogical subjects, but especially on the follow- 
ing," viz. : 

"1. Concerning the stones suitable to be manufactured into gun-flints : 
where are they found? and in what quantity? 2. Concerning native 
brimstone or sulphur or the waters or minerals whence it maybe extracted? 
3. Concerning salt-petre: where (if at all) found native? or the soils 
which produce it in the United States? 4. Concerning mines and ores of 
lead: in what places? the situation? how wide the vein? and in what 
kind of rock it is bedded." 

This warlike demand seems to call more for the discovery of the 
materials for national defence than for the advancement of science, 
and besides being a commentary on the spirit of the times, gives 
a rather humorous impression of their strangely inadequate con- 
ception of the science of mineralogy, and its possible bearings on 
practical life. But in justice to them I shQuld add that it is further 
announced that "specimens of ores, metals, coals, spars, gypsums, 
crystals, petrifactions, stones, earths, slates, clays, chalks, 
limestones, marbles, and every fossil substance that may be 
discovered or fall in the way of a traveller, which can throw 
light on the mineralogical history of America, will be exam- 

i The Medical Repository, Vol. II, p. 114 (1790), edited by S. L. Mitchill and Edward 
Miller. 
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incd and analyzed without cost, sufficient pieces, with the own- 
er's leave, being reserved for placing in the society's collection." 
I have quoted the circular almost verbatim to give you some idea 
of the genuine though crude longings for knowledge felt by our 
early mineralogists, and also of the generous spirit in which they 
worked. 

A still more forcible picture of the ignorance of the time is 
given by the elder Professor Silliman in 1818 : 9 "Notwithstanding 
the laudable efforts of a few gentlemen," he says, " to excite some 
taste for mineralogy, so little had been effected in forming collec- 
tions, in kindling curiosity and diffusing information, that only 
fifteen years since (1803), it was a matter of extreme difficulty to 
obtain among ourselves even the names of the most common stones 
and minerals ; and one might inquire earnestly and long before he 
could find any one to identify even quartz, feldspar or hornblende 
among the simple minerals, or granite, porphyry or trap among the 
rocks. We speak from experience, and well remember with what 
impatient, but almost despairing curiosity we eyed the bleak, 
naked ridges which impended over the valleys and plains that were 
the scenes of our youthful excursions. In vain did we doubt that 
the glittering spangles of mica, and the still more alluring bril- 
liancy of pyrites, gave assurance of the existence of the precious 
metals in those substances, or that the cutting of glass by the gar- 
net, and by quartz, proved that these minerals were the diamond ; 
but 1 if they were not precious metals, and if they were not diamonds, 
we in vain inquired of our companions, and even of our teachers, 
what they were." 

Such, then, was the state of knowledge in mineralogy here at 
the commencement of the century. A few American minerals, 
collected by travellers from time to time, had before this been 
taken to Europe for identification, but among these were discovered 
only two minerals new to science. The Moravian missionaries 
found at St. Paul in Labrador, the beautiful species of feldspar 
called by Werner labrador-stein, which in more modern times we 
know under the name of Idbradorite. Klaproth, the most eminent 
analytical chemist of his time, discovered that the so-called fibrous 
barytes from Pennsylvania was the sulphate of the then newly 
discovered earth strontia. 3 He thus, for the first time, identified 

* Review of Cleaveland's Mineralogy, American Journal of Science (1), I, p. 36. 

* Beitrdge zur chemiscken Kentniu der Miner aUcorper, II, 92. 
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the mineral species celestite which was subsequently found in vari- 
ous localities in Europe. 

Although little had been accomplished in America previous to 
1800, the first quarter of the new century was destined to show 
great development here in the study pf mineralogy. During the 
early years of this quarter several collections of European miner- 
als were brought to this country by American gentlemen who had 
availed themselves during a residence in Europe of the best oppor- 
tunities for acquiring a knowledge of the science from the great 
masters of the subject in Germany and France. About this time 
also several colleges in the country had instituted chairs of chem- 
istry and mineralogy, and a commencement was thus made in 
teaching these sciences in the higher schools. As the result of 
these influences the number of persons interested in mineralogy 
was largely increased, and an active search for minerals was initi- 
ated throughout all of the older United States and to a consider- 
able extent also in Canada, 

So energetically were these explorations followed up that in 
1825 a Catalogue 4 of American minerals was published by Dr. 
Samuel Robinson, with their localities arranged geographically, 
and giving only such as were known to exist in the United States 
and the British Provinces. It formed an octavo volume of over 
three hundred pages. 

That much credit was due to many workers during this period, 
both in the field and in the laboratory, there can be no question, 
but among them all I find four men standing forth so prominently 
as leaders, that I have thought it would be well for us to recall 
briefly something of the character of these men and their labors 
for the advancement of mineralogy in this country. 

First among these I will mention Dr. Archibald Bruce. 5 He 
was the son of Dr. William Bruce, a surgeon in the British army, 
and was born in New York in 1777. He was graduated at Colum- 
bia College; subsequently studied medicine, and in 1798 went to 
Edinburgh where, in 1800, he obtained his doctor's degree from 
that university. He was early interested in natural science and 
while still in college found, his biographer says, "the collection 
and examination of minerals — a pursuit not then at all attended 

4 Catalogue of American Mineral Localities, by Dr. Samuel Robinson. 8vo, pp. 316. 
Boston, 1825. 

6 For a biographical notice of Dr. Bruce see American Journal of Science, Vol. I, p. 
299,1818. 
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to in this country — was his particular relief from other studies; 
for even during his recreation he was ever on the lookout for some- 
thing new or instructing in mineralogy." 

When he went to Europe he took with him a large number of 
American minerals, and through exchanges with institutions and 
prominent mineralogists abroad, he established friendly relations 
with those most interested in his favorite science. After the com- 
pletion of his medical studies, he travelled for two years on the 
continent of Europe, making the acquaintance of the Abb6 Hauy, 
and other eminent mineralogists, and collecting an extensive cab- 
inet of valuable minerals, which on his return to this country in 
1803, he brought with him to New York. This collection, with 
another brought to New York about the same time by Mr. B. D. 
Perkins — both being made fully accessible to all interested in see- 
ing them — contributed, it was said, more than any agencies had 
ever done before, to excite in the public an active interest in the 
science of mineralogy. Besides this Dr. Bruce entered into ex- 
tensive correspondence with others interested in the subject, was 
active in visiting and discovering new mineral localities, and in 
advising, encouraging and inspiring young mineralogists. Fi- 
nally, after well considering the matter, he established the first 
purely scientific periodical ever published in America. This was 
called the American Mineralogical Journal? and the first number 
of it was published in 181CK It contained original contributions, 
chiefly on mineralogy, from a number of investigators. " It was 
received," says the elder Silliman, "in this country and in Europe 
in a flattering manner ; it excited at home great zeal and effort in 
support of the sciences which it fostered, and abroad it was hailed 
as the harbinger of our future exertions." But, alas ! it was in 
advance of the age, and, after struggling for several years, was 
given up on the publication of the fourth number. Possibly it 
would have continued longer had it not been for the failing health 
of its founder. 

This Journal contained several important papers by Dr. Bruce : 
among them, the investigation and description of two new mineral 

6 The American Mineralogical Journal^ being a collection of facts and observations 
tending to elucidate the mineralogy and geology of the United States of America; to- 
gether with other information relating to mineralogy, geology and chemistry derived 
from scientific sources. Conducted by Archibald Bruce, M.D., Professor of Materia 
Medica in the Medical Institution of New York, and Queen's College (N. J.). Vol. 1, 
270 pp. New York. 1814. 
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species, the native magnesia of Hoboken and the red zinc oxide oi 
Sussex Co., New Jersey. These are the first American species 
described by an American mineralogist. So thoroughly was the 
work done by Bruce, that these species remain to-day essentially 
as he described them, and his papers may well be studied by min- ' 
eralogists now as models of accuracy and clearness of statement. 

Dr. Bruce did much also for the elevation of the medical profes- 
sion, was one of the founders of the New York Medical Society, 
and was largely influential in obtaining the charter of the College 
of Physicians and Surgeons, in which he was subsequently the 
Professor of Materia Medica and Mineralogy. 

He is described as a successful teacher, a man of wide ac- 
quirements and of great integrity, which qualities, with his 
abounding generosity and hospitality, commanded the respect 
and regard of all who knew him. It was a great loss to science 
and to his country that so able an investigator should have 
been cut off at the early age of 42. He died in New York, 
Feb. 24, 1818. 

I have mentioned that the importation and exhibition of collec- 
tions of minerals from Europe had contributed much to excite 
an interest in the study of mineralogy. It was necessary to have 
known minerals for study and comparison in order properly to de- 
termine those obtained by exploration here. In 1805, Colonel 
George Gibbs of Rhode Island, for many years a resident in Eu- 
rope, returned from his travels with a collection of minerals the 
most extensive and valuable ever brought to America. Colonel 
Gibbs was a zealous cultivator of mineralogy and, fortunately for 
science, a young man of wealth. He used his money freely for 
the purchase of whole cabinets, as well as in personal explorations 
in search for minerals. 

The larger part of his collection was made by the purchase of 
two famous European cabinets, one from the heirs of Gigot d'Orey, 
a noted French collector, and said to have been the result of forty- 
years' labor, the other from Count Gregoire de Razamowsky, a 
Russian nobleman, long resident in Switzerland. D'Orcy's cab- 
inet numbered over 4,000 specimens, chiefly from France, Ger- 
many, Italy and Great Britain ; Razamowsky's contained about 
6,000 specimens from the Russian Empire and the remainder prin- 
cipally from Germany and Switzerland ; in all, with the other col- 
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lections made by Colonel Gibbs, it is said that more than 20,000 
specimens were brought by him to this country. 7 

In 1807, a portion of this collection was opened in Newport, 
and many interested in mineralogy made pilgrimages there, to 
view the treasures it contained. Among others was Professor 
Silliman, who states in his diary, that he spent many weeks in 
studying the minerals with Colonel Gibbs, finding in the latter 
" a scientific friend and a professional instructor and guide." That 
Colonel Gibbs reciprocated Professor Silliman's feelings qf friend- 
ship there can be no doubt ; for, after various offers to deposit his 
collection for exhibition in Boston, New York and elsewhere, to 
the great surprise of Professor Silliman, he proposed to open the 
cabinet at Yale College, provided rooms should be fitted up for 
its reception. 

The proposition was promptly responded to by the authorities 
of the college, and in 1810, 1811 and 1812, under the personal 
supervision of Colonel Gibbs, it was opened and arranged, and 
generously placed at the disposition of the institution and the 
public. The opening of this collection in New Haven formed an 
important epoch in the history of the college, and gave a power- 
ful impetus to science throughout the country. It was not only 
studied by the pupils of the college, but it was visited by travel- 
lers from all parts of the United States. 

In 1825, the collection had for fifteen years been exhibited without 
any advantage to the owner, other than the satisfaction of observ- 
ing the great amount of good which was effected by the knowledge 
it disseminated, and the enthusiasm with which it inspired stu- 
dents. Colonel Gibbs then offered the whole for sale, giving the 
college the preference as purchaser. Fortunately and mainly 
through the influence of Professor Silliman, the institution suc- 
ceeded in raising the funds ($20,000) necessary for its purchase, 
and the ownership of this collection has exercised a most im- 
portant influence in the development of natural science at New 
Haven. 

Colonel Gibbs, however, did not confine himself to the collec- 
tion of minerals in Europe. On his return to this country he 
made extensive journeys and opened up new mineral localities, 
giving his time and specimens freely to aid others who were in- 
terested in this special study. At Yale, as an incentive to stu- 

» Medical Repository (2), V, 213 (1806). 
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dents, he for many years offered prizes for superiority of attain- 
ments in mineralogical knowledge and for services rendered to the 
science by useful discoveries and observations. 8 

He published valuable papers both in the American Mineralogi- 
cal Journal and the American Journal of Science, and did much 
by his counsel and cooperation to support these publications. In- 
deed, it was from Colonel Gibbs that Professor Silliman first re- 
ceived the suggestion that he should institute a new Journal of 
Science, in order that the advantages already gained by the short- 
lived Mineralogical Journal might be secured and further progress 
for science might be made. 9 

In every way Colonel Gibbs proved himself a liberal patron of 
science, and it was most fortunate for the promotion of mineralogy 
in this country that he should so unselfishly have devoted his 
wealth and his personal influence to its advancement. He died 
August 5, 1833, aged 57. 

Much as had been accomplished by the free exhibition of cabinets 
and the explorations and investigations of enthusiastic workers 
in mineralogy during the years from 1805 to 1815, a great draw- 
back was now felt to the progress of the science from the want of 
text-books. Most of the literature of the subject was in German 
and French, but the works of the French and German authors had 
not then been translated and consequently were accessible only to 
the few who were acquainted with these languages. 

In English there were not many treatises on the subject. That 
by Richard Kirwan, the eminent Irish mineralogist of the last 
century, was a renowned work in its day, but, as the last edition 
of it had been published in 1794, it was already too old to be of 
much service to the student. Jameson's treatise was somewhat 
more recent (1804) , 10 but its great fulness and exclusive devotion 
to the Wernerian system made it an undesirable book for beginners, 
aside from the fact that its price was such that few students in 
those days could afford to buy it. So much progress had been 
made at home and abroad, that a work was needed here which 
should include the modern discoveries, and one also which should 

• American Mineralogical Journal, p. 269. 

* Obituary notice of Colonel Gibbs, by Professor Silliman, American Journal of Sci- 
ence (l), XXV, 2U. 

10 Of Jameson's Mineralogy, 1st edition, the 1st volume was published in 1804, 2nd 
volume in 1805, 3d volume in 1808. 



PRESIDENT BRUSH. 9 

gather up the scattered facts already published in regard to Amer- 
ican minerals. 11 

Fortunately for the further progress of science in this country 
this was done by Professor Parker Cleaveland. His work was 
published in 1816, and was entitled "An Elementary Treatise on 
Mineralogy and Geology." 18 

Professor Cleaveland was professor of mathematics and natural 
philosophy in Bowdoin College, and, like many other professors of 
science in the early history of American colleges, was charged by 
the trustees to lecture also on mineralogy and chemistry. He was 
an enthusiastic student of mineralogy, was well acquainted with 
the literature of the science in various languages, had been a suc- 
cessful teacher of the subject for many years, and withal was both 
an explorer and investigator, and held intimate relations with the 
leading mineralogists of the day. The work was modelled on the 
general plan of Brongniart, combining the excellences of both 
the French and German schools, and gave in detail almost every- 
thing then known in regard to American minerals. It supplied 
the pressing need for a thorough, systematic and American treatise 
on mineralogy, well suited to all classes of students, and .it was 
written in such a masterly style that it won for its author the high- 
est praise from the leading mineralogists of the world. "It 
brought," says Professor Silliman, "within the reach of the Amer- 
ican student the excellences of Eirwan, Jameson, Haiiy, Bro- 
chant, Brongniart and Werner, and we are not ashamed," he says, 
"to have this work compared with those of these celebrated au- 
thors." 13 His biographer 14 states that "he received letters of 
respect and congratulation from Sir David Brewster, Sir Hum- 
phrey Davy and Dr. Macculloch, in England, from Berzelius, in 
Stockholm, Germar of Halle, from Brongniart, Baron Cuvier and 
the Abb6 Haiiy, in Paris." 

"The Manual of Mineralogy, by A. Aiktn, was reprinted in Philadelphia in 1815, but 
it contained nothing in regard to American minerals. 

12 An elementary treatise on Mineralogy and Geology, being an introduction to the 
study of these sciences, and designed for the use of pupils,— for persons attending lec- 
tures on the subjects,— and as a companion lor travellers in the United States of Amer- 
ica. By Parker Cleaveland, Professor of Mathematics and Natural Philosophy, 
and Lecturer on Chemistry and Mineralogy in Bowdoin College. One volume, 668 pp. 
8vo, with six plates. Boston, 1816. 

19 Review of Cleaveland's Mineralogy, loc. cit. 

14 The main facts as stated in regard to Professor Cleaveland are from an address 
on his life and character by Leonard Woods, D. D., President of Bowdoin College. 
Brunswick, I860. 
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The work at once took rank as one of the leading authorities 
on the science and was introduced as a class-book in the principal 
schools and colleges in America. The first edition was soon ex- 
hausted and a new and revised edition with more than a hundred 
pages of new matter was published in 1822. The demand was so 
great that this likewise was soon out of print and a third edition 
was called for by the public, but Professor Cleaveland had about 
this time become so engrossed in the administration of the affairs 
of the new Medical School at Brunswick that he was unable to re- 
spond to the call, having turned his thoughts and efforts in new 
directions. 

Unfortunately for the science of mineralogy, in which he had 
obtained such eminence as an author and teacher, he no longer 
contributed actively to its progress, although he continued his 
work as lecturer on the science so long as he lived. He died Oct. 
16, 1859, in the seventy-ninth year of his age. 

The last to be mentioned of these early leaders is Professor 
Benjamin Silliman. His name is so intimately associated with 
the progress of science on this continent during the first half of 
the present century, that his life work is more or less familiar to 
all 15 . But the important service he rendered in the early history of 
mineralogy deserves especial recognition here, not only for the 
work he himself did in the laboratory and the field, but because 
his enthusiasm and zeal were a constant inspiration to others. 

Commencing with the historic " candle-box" of unlabelled stones 
which he took to Dr. Adam Seybert, of Philadelphia, to be named, 
he began with enthusiasm the acquisition of knowledge and the 
gathering of material to illustrate the mineral kingdom. During 
a residence in England and Scotland in 1805-6 he had opportuni- 
ties to add to his information, and collect many specimens, chiefly 
from the mines of Derbyshire and Cornwall. On his return to 
America he at once applied the knowledge he had acquired in 
making an exploration of the mineral structure of the environs of 
New Haven, and read a paper on this subject to the Connecticut 
Academy of Arts and Sciences in September, 1806. 

In the following year he induced the corporation of the college 

15 See Life of Benjamin Silliman, M. D., LL. D., Late Professor of Chemistry, 
Mineralogy and Geology in Yale College Chiefly from his manuscript reminiscences, 
diaries, and correspondence, by Geo. P. Fisher, Professor in Yale College. Two vol- 
umes, 12 mo. New York, I860. 
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to purchase the mineral collection of Mr. B. D. Perkins of New 
York (already referred to), for one thousand dollars, thus placing 
the institution in possession of means for illustrating the science of 
mineralogy far in advance of anything it had before enjoyed. 

The occurrence of the fall of the Weston Meteorite in De- 
cember, 1807, offered an opportunity for Professor Silliman 
to undertake, in connection with his colleague, Professor Eingsley, 
an investigation into the circumstances of the phenomena, and the 
character of the stones which fell at that time. The results of this 
investigation were presented to the American Philosophical Society 
and published in the American Philosophical Transactions in 1809. 
The diligence employed in obtaining all the facts possible from eye- 
witnesses of the occurrence, and the care and skill shown in the 
chemical and mineralogical examination of the meteorite, made thU 
paper one of the most remarkable memoirs of the time, and at- 
tracted the attention of philosophers throughout the world. 

As already stated, it was the personal enthusiasm and magnetic 
influence of Professor Silliman which led Colonel Gibbs to deposit 
his great cabinet of minerals in New Haven, under the care of his 
friend. It was due to the same qualities in Professor Silliman 
that the college secured the permanent possession of this invalua- f 
ble collection, which probably has done more than any other single 
agency to create an interest in and disseminate a knowledge of 
mineralogy in this country. 

The establishment of the American Journal of Science in 1818, 
now everywhere recognized as of inestimable value to all depart- 
ments of science, was peculiarly helpful to mineralogy, and the 
early volumes are rich in articles on this subject. Professor Silli- 
man's original contributions to science were more in chemistry and 
geology, but he also is the author of several important papers on 
mineralogy, and was the discoverer of the occurrence of native 
tungstic acid as a mineral species. For more than fifty years he 
continued as a teacher in Yale College, and when he resigned his 
professorship in 1853, he had the satisfaction to have as his suc- 
cessor in the department of mineralogy and geology Professor 
James D. Dana, who was already among the foremost mineralo- 
gists of the day, and whose published works, before and since his 
accession to this professorship, have done so much for the advance- 
ment of mineralogy. 
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Professor Silliman retired from his active labors in his seventy- 
fourth 3 r ear, still in full possession of his remarkable physical and 
mental powers, and lived honored and revered until Nov. 24, 1864, 
when he passed to his rest. 

It will be inferred from what has been said of these pioneers 
that the developments and discoveries of minerals, during the first 
twenty -five years of the century, were due entirely to individual en- 
thusiasm and private enterprise. Up to this time no aid had been 
received from either state or national governments, and in look- 
ing over the work accomplished during this period we are filled 
with wonder and admiration at the energy and rare devotion to 
science exhibited. The larger portion of the continent was an un- 
broken wilderness, and the facilities of communication even in the 
settled parts of the country were of the most primitive character. 
Yet at the present day, with our means of rapid transportation, 
many naturalists would hesitate to undertake the long journeys 
then made for purely scientific purposes. 

Geologists as well as mineralogists will recall how much science is 
indebted to such men as William Maclure, James Pierce, Thomas 
JSuttall (the botanist), and others who made extensive trips 
through the whole territory east and in some instances to the west 
of the Mississippi River. Maclure not onlj r devoted his time and 
money to making and publishing a geological survey of the United 
States and Canada, the first report of which was made in 1809, 16 
but to him the Academy of Natural Sciences, in Philadelphia, owes 
its first endowment. 17 

I shall be pardoned, I trust, if I mention still another signal in* 
stance of private liberality in this connection. Gen. Stephen Van 
liensselser, of New York, a generous patron of science, defrayed 
all the expenses of a geological survey of the country adjacent to 
the Erie Canal, including the making of a geological section from 
Lake Erie to the eastern coast of Massachusetts. 18 This survey 

18 F ubiished later with additions, in a volume of 127 pp., 8vo, With two plates. Phil- 
adelphia, 1817. 

17 Memoir of William Maclure, Esq., late President of the Academy of Natural Sci- 
ences of Philadelphia, by S. G. Morton, M. D. Am. J. Sci., (1) XL VII, 1 (1844.) 

18 A Geological and Agricultural Survey of the district adjoining the Erie Canal, in the 
State of New York, taken under the direction of Hon. Stephen Van Bensseter. Part 
I, containing a description of the rock formations, together with a profile extending 
from the Atlantic to Lake Erie. 163 pp. 8vo. Albany, 1824. 
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was under the charge of Professor Amos Eaton, with a competent 
corps of assistants, and was continued for four years, from 1820 to 
1824, at a cost of many thousands of dollars. General Van Rens- 
selaer was also the founder of the first school of technical science 
in this country — the Rensselaer Polytechnic Institute, at Troy, 
which was placed under the charge of Professor Eaton. It may 
be interesting here, in these days of summer schools, to recall, 
although parenthetically, that what was probably the first summer 
school of science in the United States was established more than 
fifty years ago in connection with this institution. The school 
consisted of a flotilla of towed canal boats, and the route was from 
Troy to Lake Erie. It took two months for the trip and all im- 
portant points on the way were visited. Instruction by lectures and 
examinations was given in mineralogy, geology, botany, zoology, 
chemistry, experimental philosophy and practical mathematics, 
particularly land surveying, harbor surveying and engineering. 
One of the largest boats in the flotilla was fitted up as a labora- 
tory, with cabinets in mineralogy and geology and also scientific 
books for reference. Students were taught the method of procur- 
ing specimens and were required to make collections of whatever 
was interesting on the route. 19 

The public mind was finally awakened to the importance of the 
work which these explorers and investigators had carried on single 
handed. Government now came to the aid of Science. In 1824, 
one State legislature, that of North Carolina, authorized a geolog- 
ical survey to be made. This example was followed in 1830 by 
Massachusetts and soon after by New York, Pennsylvania, Vir- 
ginia and other states, and also by the national government, until 
as is now well known, the whole territory of the United States and 
Canada, either has been or is in the process of being surveyed. Sev- 
eral of the state surveys published independent volumes on the 
mineralogy of their respective states, and these surveys have been 
a powerful auxiliary in extending our knowledge of the occurrence 
of minerals on this continent. The opening of mines and quarries 
throughout the country has also furnished abundant material for 
study. The large number of original contributions which have been 
published in the volumes of State Surveys, the treatises by American 
authors, and the still larger number of memoirs and papers com- 

u American Journal of Science (1), XVIII, 200. (1830.) 
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municated to our academies of science and scientific journals can- 
not be even enumerated in this place, neither is it my purpose to 
attempt to give here a list of the names of those who have been 
actively engaged in making researches on American minerals. 90 
Still less can I attempt to give an account of the work that has 
been and is being done by living mineralogists. The sketch which I 
have presented of the four typical workers has in a measure shown 
the character of our early mineralogists, the earnest spirit in which 
they labored, and what they accomplished in the first quarter of 
the century. The point to which the science has reached in the 
last quarter of the century cannot be unfamiliar to you ail. 

In the time that remains I desire to call your attention to some 
of the developments made in the field in which our mineralogists 
have worked. It was thought by many scientists in the first half 
of this century that our rocks seemed likely to afford less vari- 
ety of mineral contents thai) the rocks of Europe. Further study, 
however, and more careful and extended observations encourage 
us to believe that our miqeral riches, even in variety of species, 
will compare favorably with those of other continents. Already 
fully one-half of the known mineral species have been found here. 
The present number of known minerals is variously estimated 
to be from seven hundred to one thousand. There have been de* 
scribed, as occurring here, nearly three hundred supposed new 
American minerals. Of these, perhaps one-quarter are new to sew 
ence and the remainder have either been proved to be identical 
with species already described, or their characters are so imper- 
fectly given that further investigation is needed to ascertain what 
they are. 

Among these new minerals are some of great interest to science. 
Time, however, will not allow, even if your patience would permit 
me, to give the facts in detail ; but in justice to the describers of 
those announced to be new, I will print, as an appendix to this ad- 
dress, as complete a list as I have been able to make of the names 
of the proposed new American mineral species, with the names of 
their sponsors. The list will, I trust, be instructive both as a warn- 

30 For a list of papers by American chemists, including a large proportion of papers 
published in mineralogy, see American Contributions to Chemistry, an address delivered 
on the occasion of the celebration of the Centennial of Chemistry at Northumberland, 
Pa., August 1, 1874, by Benjamin Silliman. 175 pp. 8vo. Reprinted from the Ameri- 
can Chemist for August, September and December, 1874. 
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ing and an encouragement to investigators. The ambition to make 
new species is recognized as a drawback in every department of 
science, and mineralogy has probably not suffered in this respect 
more than other sciences. Nor do I believe that American miner- 
alogists have, as a class, been less careful in describing new spe- 
cies than their European confreres. There have been flagrant 
examples of carelessness in both hemispheres, and the growing ten- 
dency during the last ten or fifteen years to call things new which 
have been only imperfectly investigated cannot be too strongly cen- 
sured. " If two very simple rules, " says a recent writer, 21 " could 
be conscientiously followed by those investigating supposed new 
mineral species, the science of mineralogy would be vastly bene- 
fited. These are : first, that the material analyzed should in every 
case be proved by a careful microscopical and chemical exam- 
ination to be homogeneous; and second, that the thorough investi- 
gation which is to establish the position of a "new species" should 
precede, not follow, the giving of a new name. A mineral which 
can only be partially described does not deserve a name. 

In comparing the minerals found in America with those of Eu- 
rope, although interesting minor variations are observed, it can 
hardly be expected that very marked differences should exist. 
This is, of course, due to the fact, that in the inorganic kingdom, 
nature has everywhere to do with the same elements, under es- 
sentially like conditions. A large number of remarkable analo- 
gies between the minerals of the two continents will occur to any 
one familiar with the subject, as, for example, the character of 
the occurrence of individual minerals in the rocks of the northeast- 
era United States and Canada as compared with those of Nor- 
way and Sweden, and numberless instances of like association of 
minerals in various parts of Europe find their counterparts here. 

A marked feature of American minerals is the grand scale upon 
which crystallization has taken place, individual crystals of large 
size being very common. The granite veins of New England af- 
ford striking examples of this kind. We have common mica, in 
sheets a yard across ; feldspar has been observed where a single 
cleavage plane measured ten feet ; gigantic hexagonal prisms of 
beryl, four feet long and more than two feet in diameter, and 

" Preface to the Third Appendix to the filth edition of Dana's Mineralogy, New 
York. 1882. 
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weighing over two tons, have been described ; spodumene crystals 
six to seven feet in length and a foot or more across, and masses 
of rock crystal of immense size, have been found. Canada an/1 
New York have given crystals of apatite, phlogopite and s\ ne 
which for these species are of marvellous grandeur in dimensi - 
Many other American localities might be mentioned where r u 
crystals occur. While it is true that these are extraordinary ii 
stances, it is also true as a general fact, common to a very large 
proportion of the minerals found in this country, that the species 
occur in much larger crystals than those obtained from European 
localities. 

Another point worthy of note is the occurrence in comparatively 
large quantities, and over wide areas, of some of the rarer ele- 
ments as constituents of the minerals found. In illustration of 
this we have, among the rare earths, glucina combined with silica 
and alumina in the mineral beryl, occurring in large quantity and 
perhaps in a hundred or more places ; zirconia, in the mineral 
zircon, is also very widespread in its range of occurrence as an 
original constituent of the older rocks, as well as a vein mineral ; 
localities are known which have furnished this rare species by the 
hundred weight. The cerium earths are found largely in the min- 
eral allanite, which occurs in so many places that it may be said to 
be a common mineral in the United States. These earths are also 
found in the rare phosphate monazite, a mineral that in America 
has a wide range of localities, and recently this species has been 
found in crystals of two, three, and, in one instance, of eight 
pounds in weight. Again, three new earth metals, mosandrum, 
phittipium and decipium have been described as occurring with the 
cerium earths and yttria in the North Carolina mmarskite. The 
rare alkali metal lithium, sometimes associated with the still rarer 
metals rubidium and caesium, is found not only of widespread oc- 
currence in our lithia micas, but s the mineral spodumene, contain- 
ing from five to eight per cent of lithia, occurs by the ton in at 
least one locality and must be looked upon as one of the common 
American minerals, being found in the granite veins in Maine, 
New Hampshire, Massachusetts and Connecticut, and as far south 
as North Carolina and Georgia. Lithia also is one of the con- 
stituents of the phosphate triphilite, and there are several locali- 
ties known where this mineral occurs abundantly. Again, we 
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have the frequent occurrence of some of the rare metals which 
form metallic acids : Columbium, the first metal, new to science, 
discovered in America, associated with its twin metal tantalum, 
is_- r and in columbite in our granite veins from Maine to Georgia, 
Unge of more than a thousand miles, in a score or more of 
i« t •-• ^3, and sometimes is obtained by the hundred weight at a single 
-reality. The American variety of samarshite, another rare col- 
umbate, has also been found in masses of fifty pounds or more in 
weight, and these acids occur in still other American species. 
Molybdenum, both as sulphide and in the oxidized form as native 
molybdic acid and molybdate of lead, is found in many localities, 
and occasionally in large quantity. Quite recently vanadium com- 
pounds have been discovered in several places, and tungstates have 
also been observed over a wide range of country. Titanium has 
been found in enormous quantities in extensive deposits of titanic 
iron as well as in the form of rutile and in sphene. The rare 
metal tellurium occurs native in Colorado in one locality where 
single masses of twenty-five pounds in weight have been taken 
out, and several new tellurium compounds have been found in our 
western mines. 

Jt is, perhaps, unnecessary to enumerate more fully the many 
occurrences of other rare elements in American minerals. Enough 
has already been said to show that important developments have 
been made in the discovery and investigation of the minerals 
found in our American rocks during the past eighty years. Nev- 
ertheless it is but a commencement in the work. Only a very 
small portion of our territory has been explored with any thor- 
oughness, and none of it exhaustively. The enormous production 
of the precious metals, and the extensive deposits of ores of the 
more common metals which have been opened up during the past 
twenty or thirty years, have placed us in the front rank as metal 
producers, but we are still far behind Europe in the variety of 
minerals obtained from our mines. This may be due, in some in- 
stances, to the character of the veins or ore deposits, there being, 

9 

as in many of our gold and silver mines, remarkably few associ- 
ated minerals. In other cases, however, it is doubtless due to the 
fact that very few persons connected with our mines have even an 
elementary knowledge of the rudiments of mineralogy, while in 
continental Europe almost every mining officer is familiar with all 

A. A. A. 8., VOL. XXXI. 2 
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the ordinary minerals. Thanks to the training of our schools of 
science, an improvement in this respect is already noticeable, as 
is shown in the discoveries made in the mines of our Western 
States and Territories during the past few years. 

While the service done for mineralogy by our geological surveys 
is gratefully acknowledged, we feel we have a right to demand 
much more from them in the future. Mineralogy has been too 
largely looked upon as a guide to the discovery of useful ores and 
minerals and not as a matter for scientific study ; fortunately dar- 
ing the past decade the discoveries in optical mineralogy, and 
their importance in the determination of the constituent minerals 
of the crystalline rocks, have led many, geologists to again 
recognize the desirability of a knowledge of our science. Much 
will be accomplished if those in charge of geological surveys will 
direct competent persons to make observations, not only on the 
main mineral constituents of rocks but also on the manner of 
occurrence of individual minerals. The careful inspection of 
quarries and mines is greatly to be desired. These are rich 
sources for minerals ; but unless constant watchfulness is exercised, 
valuable material for science is in danger of being buried out of 
sight. 

It is too true that many of the most interesting discoveries 
already recorded seem to have been clue more to the result of 
fortunate accident than of systematic and intelligent exploration. 
If our trained mineralogists, instead of devoting most of their 
attention to the examination of specimens in cabinets collected 
by others, would give more time to personal observation in the 
field in the study of the order and manner of occurrence of min- 
eral species in place, our knowledge would doubtless be greatly 
promoted. Again, if our wealthy amateurs could be induced to 
spend their money as freely in the exploration of promising 
American localities as in the importation of costly European 
specimens, we might hope for many important discoveries, and 
they could have the satisfaction not only of gaining novelties for 
their collections, but incidentally they would do much to foster 
science. 

In order to keep pace with the progress of the science, we need 
many more workers who will devote themselves especially to min- 
eralogical research? and we need more of the spirit of the early 
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workers. It is my belief that the number of persons at present 
interested in the study here, either as amateurs or investigators, is 
relatively less than in 1825. The mineralogy of to-day is a very 
different subject from the mineralogj r of the commencement of the 
period over which we have so hastily glanced. Then the study of 
minerals was confined almost exclusively to their external charac- 
ters. Led by Werner 22 and .reinforced by his most gifted pupil 
Mohs, the majority of mineralogists claimed mineralogy to be a 
purely natural history science. They gave their attention, as has 
been well said, entirely to " how the mineral looked" and not at all 
to "what it was." On the other hand the development of analyti- 
cal chemistry by the labors of Elaproth and Berzelius led many 
to take up mineralogy from a purely chemical standpoint. These 
two schools working independently brought great confusion into 
the science. The discoveries of Hauy in crystallography, and es- 
pecially his labors in establishing a mathematical foundation for 
the geometrical form of crystals, and the recognition that the con- 
stancy of form depended on the constancy of the "integrant mol- 
ecule,'* were steps which paved the way for modern mineralogy. 
In this a union of all the physical, geometrical and chemical prop- 
erties is required in order to determine the true character of a 
mineral. 

Further, we are called upon to investigate the history of its 
origin, its relation to associated species, the changes which it 
undergoes, and the causes and results of those changes. Here 
we have to do largely with both geology and chemistry. From 
this it becomes evident that a much broader foundation is now 
required for the mineralogist than in the early days of the 
century. The bearing of physics, geology and chemistry in the 
study of the mineral kingdom must be thoroughly recognized and 
appreciated by every investigator who desires to contribute to 
further progress. No mineralogist can expect to have a profound 
knowledge in all these directions, but he must be at least capable 
of intelligently applying to his subject the results obtained by 
experts in these sciences. Mineralogy is deeply indebted to 

"Werner, although using physical characters in the main, and entirely in the deter- 
mination of minerals, recognized chemistry in arranging minerals in families or groups, 
but Mohs, Jameson and others founded their systems " totally independent of any aid 
from chemistry." (Preface, Jameson's Mineralogy, 3d ed., Vol. I, p. iii.) 
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special investigators in all these departments. Without their co- 
operation it would have been impossible to discover the relations 
of form and other physical characters with that fundamental 
arrangement of molecules whose nature it is now admitted con- 
trols all the properties of a substance. 

The study of natural crystals has yielded rich material for the 
physicist. In the department of optics it has given results from 
which many fundamental laws have been deduced; and natural 
crystals, too, have furnished, in many cases, the very apparatus 
which made investigations possible. Some chemists claim that 
mineralogy is not at ail a science by itself, and constitutes only a 
small part of inorganic chemistry. It can be unquestionably con- 
ceded that a knowledge of chemistry is fundamental, and in con- 
sequence this claim has a certain plausibility. On the other hand, 
we contend that it was largely the labors of the mineralogists on 
the physical characters of minerals, and especially their demon- 
stration of the relation of form to chemical composition which fi- 
nally awakened chemists to a more profound study of their own 
subject. The law of isomorphism was discovered by a chemist, 
whose training as an expert crystallographer in the examination 
of natural crystals made it possible for him to recognize the won- 
derful relation of form to composition. Dimorphism was first 
established from observations made on minerals, and it is in the 
study of the mineral kingdom that the laws of isomorphism and 
dimorphism find abundant demonstration. From the further in- 
vestigation of the chemical nature of minerals we may hope for 
new light on the molecular constitution of substances which as yet 
the chemist has been unable to reproduce. We have already 
indicated the interdependence of geology and mineralogy. May 
we not claim the same interdependence of mineralogy, physics 
and chemistry, letting each go on in its own sphere, contributing 
to the general progress, sure that every new fact observed and 
every new law discovered will be for the common advancement of 
all? 



«•» 
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APPENDIX. 



A List™ of Names given to Minerals from the United 
Slates and Canada, for the most part described 

as New Species. 



Acadialite (=» Acadiolite, T. Thomson) . F. Alger and C. T. Jackson. 

Adamsite C. U. Shepard. 

Aglaite A. A. Julien. 

Alaskaite G. A. Konig. 

Albertite C. Robb. 

Algerite T. S. Hunt. 

Ambrosine C. U. Shepard. 

Amesite C. U. Shepard. 

Animikite B. Wurtz. 

Annito J. D. Dana* 

Anthophyllite, hydrous T. Thomson. 

Apatoid (m) M C. U. Shepard. 

Aquacreptite C. U. Shepard. 

Aragotite F. E. Durand. 

Arkansite C. U. Shepard. 

Baltimorlte T. Thomson. 

Barahardite F. A. Genth. 

Barytocelestlte (» baryto sulphate of . T. Thomson. 

strontia 

Beaumontite A. L&oy. 

Begeerite G. A. K&nig. 

Bernhardlnite ... - J. M. Stillman. 

Bismuthaurite C. U. Shepard. 

Blackmorite A. C. Peale. 

Boltonite C. U. Shepard. 

Bowenite J. D. Dana. 

Brucite (» Native Magnesia, Bruce) . F. S. Beudant. 

"This Ust Is compiled almost entirely from the Fifth edition of Dana'a Mineralogy, 
and Appendices I-IIIto the tame work, in which will be found references as to where 
these minerals were originally described, as also any further facts published In regard 
to them, and their present position in the science. 

•* (m) signifies that the substance was found in a meteorite. 
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Brncite (Chondrodlte) G. G4N*. 

Byerite J. W. Mallei. 

Bytownite T. Thornton. 

Calaverite F. A. Genth. 

Calclmanglte C. U. Shepard. 

Calcozincite C. U. Shepard. 

Calstronbarite C. V. Shepard. 

Calyptollte C.JJ. Shepard. 

Campbelllte (m) St. Meunier. 

Canaanite S. L. Dana. 

Cantonite N. A. Pratt. 

CarroUlte . , W.L. Faber. 

Cassinite I. Lea. 

Catlinite C. T. Jackson. 

Oelestialite (m) J.L. Smith. 

Celestite (a* scbwefeUaurer Strontlanit 

aas Pennsylvanien, Klaproth, 1797) . A. G. Werner. 

Centrallaslte H. Bow. 

Cerinite H. How. 

Chalcodlte C. U. Shepard. 

Chalcophanite G. E. Moore. 

Chathamite C. U. Shepard. 

Chelmsfordite J. F. and S. L. Dana. 

Cherokine C. XT. Shepard. 

Chesterllte T. F. Seal. 

Cbiltonite E. Emmons. 

Chladnite (m) C. U. Shepard. 

Chlorastrolite C. T. Jackson and J. D. Whitney. 

Chlorophylllte C.T. Jackson. 

Chromchlorite B. Hermann. 

Chrysophane (= Seybertite) . . . . A. Breithaupt. 

Cleavelandite H.J. Brooke. 

Cleiophane T. Nuttall. 

Clingmanlte B. Silliman $ Jr. 

Clinochlore W. P. Blake. 

Clintonlte («= Seybertite) W. W. Mather. 

Coloradolte FA. Genth. 

Colo m bite (=- ore of Colombian, C. 

Hatchett, 1802) B. Jameson. 

Cookeite G.J. Brush. 

Copperasine C. U. Shepard. 

Coraclte J. L. LeConte. 

Corundelllte B. Silliman, Jr. 

Corundopbilite C. U. Shepard. 

Cryopbyllite J. P. Cooke. 

Cryptomorpbite H. How. 
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Cnlsageeite J. P. Cooke. 

Cummingtonite (=■ Hornblende) . . . C. Dewey. 
Cummingtonite (■» Rhodonite) . . . C. F. Bammelsberg. 

Cuproscheelite J. D. Whitney. 

Cyanolite H. Bout. 

Cymatolite (=* Cumatolite) C. XT. Shepard. 

Cyrtolite W. J. Knowlton. 

Banaite A. A. Hayes. 

Danalite J. P. Cooke. 

Danborite C. XT. Shepard. 

Baubreelite (i») J. L. Smith. 

Bawsonite B.J. Harrington. 

Belawarite I. Lea. 

Beweylite . . . . E. Emmons. 

Biabantite Q.W. Howes. 

Bickinsonite G.J. Brush and E. 8. Dana. 

Bimagnetite C. U. Shepard. 

Bucktownite C. U. Shepard. 

Budleyite ^ F. A. Genth. 

Dysyntribite . . . ' C. XT. Shepard. 

Bysluite W. H. Keating. 

Byssnite F.v. KobeU. 

Edenlte E. F. Glocker. 

Edwardsite C. V. Shepard. 

Emerald Nickel B. SfUiman, Jr. 

Emerite C. XT. Shepard. 

Emmonite T. Thomson. 

Enceladite (=» Warwlckite, Shepard) . T. S. Hunt. 

Eosphorite G.J. Brush and E. S. Dana. 

Eremite C. XT. Shepard. 

Erilite H C. Lewis. 

Ernsibite C. XT. Shepard. 

Erythrite T. Thomson. 

Enchlorite . . • C. XT. Shepard. 

Eucryptite G. J. Brush and E. S. Dana. 

Eamanite . . C. XT. Shepard. 

Euphyllite B. SiUiman, Jr. 

Enpyrchroite . . E. Emmons. 

Fairfieldite G.J. Brush and E. S. Dana. 

Ferroilmenite B. Hermann. 

Ferrotellarite F. A. Genth. 

Ferrotitanite (= Schorlomite) . . . J. p. Whitney. 

Eillowite G.J. Brush and E. S. Dana, 

Fowlerite C. XT. Shepard. 

Franklinite P. Berthier. 
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Qenthite ( — Nlckel-gymnlte, Genth) . J. D. Dana. 

Gibbsite J. Torrey. 

Glossecollite C. U. Shepard. 

Goshenite C. U. Shepard. 

Grahamlte H. Wurtz. 

Gnnnisonite F. W. Clarke and N. W. Perrp 

Gymnlte T. Thornton. 

Haddamite C. XT. Shepard. 

Hallite A.B. Leeds. 

Harrlsite C. U. Shepard. 

Hatchettolite J.L. Smith. 

Haydenite P. Cleaveland. 

Hebronite F.v. Kobell. 

Henryite F. M. Endlich. 

Hermannite A. Kenngott. 

Hermannollte C. U. Shepard. 

Heterolite G. E. Moore. 

Hexagonite E. Goldsmith. 

Hiddenite J. L^ftmith. 

Hltchcockite C.XJ. Shepard. 

Holmesite (— Holmlte) 

Holmlte (=■ Seybertlte) T. Thomson. 

Hortonlte (=■ altered pyroxene). . . • 

Hortonolite G.J. Brush. 

Houghite C. U. Shepard. 

Howlite J.D. Dana. 

Hadsonlte L. C. Beck. 

Huebnerite E. Biotte. 

Huntilite H. Wurtz. 

Huronite T. Thomson. 

Hydrocaprite F. A. Genth. 

Hydrofranklinlte W. T. Boepptr. 

Hydromagnesite (palyeralent mineral from 

Hoboken, N. J., = magnesia-alba, T. 

Wachtmeister) ........ F. p. Kobell. 

Hydroniccite . C. U. Shepard. 

Hydronickelmagnesite C U. Shepard. 

Hydrotitanite G. A. Ednig. 

Ilesite . . . A. F. Wuensch. 

Indlanalte , E. T. Cox. 

Iodolite (m) C.XJ. Shepard. 

Ionlte S. Purnell. 

• 

Jacksonite (=* Anhydrous Prehnite) . J. D. Whitney. 

Jefferislte G.J. Brush. 
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Jeffersonlte L. Vanuxem and W. H. Keating. 

JenkiDsite C. U. Shepard. 

Keatingine C. U. Shepard. 

Kerrite F. A. Genth. 

KQstelite A. Breithaupt. 

Labradorite (= Labradorstein, Werner) J. C. Delamitherie. 

lancasterite . B. Silliman, Jr. 

Latrobite H.J. Brooke. 

Lawrenceite (m) A. Daubrie. 

Ledererite C. T. Jackson. 

Lederite C. U. Shepard. 

Leidyite . . . G. A. Mnig. 

Lennillte I. Lea. 

Lernilite (wrong orthography for Len- 

nilite) A. Schrauf. 

Lesleyite J. Lea. 

Leucanterite C. U. Shepard. 

Leucangite J. D. Dana. , 

Lincolnite E. Hitchcock. 

Lintonite S. F. Peckham and C. W. Hall. 

Lionite T. BerdelL 

Lithiophilite G.J. Brush and E. S. Dana. 

Loganite T. S. Hunt. 

Louisite D. Honeymann. 

Loxoclase A. Breithaupt. 

Lncklte A. Carnot. 

Maconite F. A. Genth. 

Macfarlanite A. H. Sibley. 

Maclarite (= Chondrodite) H. Seybert. 

Maclarite (= Pyroxene) T. Nuttall. 

Magnesia, native (=» Brucite, Beudant) A. Bruce. 

Magnolite F. A. Genth. 

Mallardite A. Carnot. 

Mangan-amphibole B. Hermann. 

Manganese, ferro-silicate, T. Thomson. 

Manganese, sesqui-silicate (= Dyssnite, 

v. Kobelt) T. Thomson. 

Marasmolite C. U. Shepard. 

Marcylite C. U. Shepard. 

Marionite W. Elderhorst. 

Mariposite B. Silliman, Jr. 

Marmolite T. Nuttall. 

Masonite . . . C T. Jackson. 

Melaconite J. D. Dana. 
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Melan-Asphalt (— Albertlte, Iiobb) . .CM. WeiherfU. 

Melanolite H. Wurtz. 

Melanoslderlte J. P. Cooke, 

Metacinnabarite G. E. Moore. 

Microlite C. U. Shepard. 

Molybdate of Iron D. D. Owen. 

Monrolite B. Sitliman, Jr. 

Montanite F. A. Genth. 

Moronolite . " C. U. Shepard. 

Mullicite T. Thomson. 

Kacrite (— Muscovite) 2*. Thomson. 

Necronlte H. H. Hayden. 

Nemalite T. NuttalU 

Neurollte T. Thomson. 

Newportite J. G. Totten. 

Niccochromlte C. U. Shepard. 

Nickel-gymnlte (■■ Genthite, Dana) . F. A. Oenth. 

Nickel vitriol T. 8. Hunt. 

Nujtallite H.J. Brooke. 

Ontariollte C. U. Shepard. 

Owenite F. A. Genth. 

Ozarkite C. U. Shepard. 

Faracolambite C. V. Shepard. 

Parallmenlte C. U. Shepard. 

Parathorite C. U. Shepard. 

Parophlte . T. S. Hunt. 

Pattersonite I. Lea. 

Paulite A. G. Werner. 

Peckhamite (m) . . J. L. Smith. 

Pelhamine C. U. Shepard. 

Pennite B. Hermann. 

Peristerite . * T. Thomson. 

Perthite . . , T. Thomson. 

Philadelphite H C. Lewis. 

Phlogopite A. Bretthaupt. 

Phosphuranylite F. A. Genth. 

Phyllite T. Thomson. 

Phytocolllte H C. Lewis. 

Polyadelphite T. Thomson. 

Polylite T. Thomson. 

Prehuite, anhydrous, J. D. Whitney. 

Priceite B. Silliman, Jr. 

Protovermiculite G. A. Konig. 

Psittacinite F. A. Genth. 
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Pyromelane C. U. Shepard. * 

Pyrophosphorite C. U. Shepard* Jr. 

Rahtite C. V. Shepard. 

Randite G. A. Kdnig. 

Raphilite T. Thomson. 

Rastolyte C. U. Shepard. 

Reddingite G.J. Brush and E. S. Dana. 

Remingtonfte J. C. Booth. 

Rensselserite E. Emmons. 

Retinalite T. Thomson. 

Rhodophyllite . . . . . . • . . . F. A. (tenth. 

Richmondite A. Kenngott. 

Roepperite (= iron-manganese chrysolite, 

Bcepper, == Stirllngite, Kenngott) .G.J. Brush. 
Roepperite (== iron-manganese dolomite) A. Kenngott. 

Rogersite J. L. Smith. 

Roscoelite .J. Blake. 

Rutherfordite C. U. Shepard. 

Schirmerite F. M. Endlich. 

Schirmerite F. A. Genth. 

Schoharite .. . . A. Eaton. 

Schorlomite C. U. Shepard. 

Schreibersite (m) C. U. Shepard. 

Seybertite T. G. Clemson. 

Shepardite (= Schreibersite, Shepard) 

(to) W. Haidinger. 

Siderophyllite H. C. Lewis. 

Silicoborocalcite (= Howlite, Dana) . H. How. 

Silliraanite G. T. Bowen. 

Sipylite J. W. Mallet. 

Somervillite A. Dufrinoy. 

Sonomaite E. Goldsmith. 

Spartaite . A. Breithaupt. 

Spartalite (= Zincite) H.J. Brooke and W. H. Miller. 

Steeleite H. How. 

Stellite . T. Thomson. 

Sterlingite J. P. Cooke. 

Sterlingite (=* Zincite) F. Alger. 

Stibioferrite E. Goldsmith. 

Stirlingite (= Roepperite, Brush) . . A. Kenngott. 
Sussexite G.J. Brush. 

Talkeisenerz A. Breithaupt. 

Telaspyrine C. V. Shepard. 

Tellurbismath D. M. Balch. 
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Tcptiroite A. BreUhaupt. 

Terenite E. Emmons. 

Texasite (« Emerald Nickel) . . . . A. Kenngott. 

Thalite D. D. Owen. 

Thinolite C. King, 

Tincalconite C. U. Shepard. 

Torrelite T. Thomson. 

Trautwinite E. Goldsmith. 

Triplaidite G.J. Brush and E. S. Dana. 

Troostite C. U. Shepard. 

Tungstlc Ochre B. Silliman. 

Tysonite 0. D. Allen and W. J. Comstock. 

Unionite B. Silliman, Jr. 

Uranothorite P. Collier. 

Vanuxemlte • . . C. U. Shepard. 

Venerite T. S. Hunt. 

Vermiculitc T. H. Webb. 

Vermontite A. BreUhaupt. 

Warwickite C. XI. Shepard. 

Washingtonite C. U. Shepard]. 

Wheelerite 0. Loew. 

Whitneyite F. A. Genth. 

Wlllcoxite F. A. Genih. 

Williamslte . . C. U. Shepard. 

Wilsonlte T. S. Hunt. 

Xanthitane C. U. Shepard. 

Xanthite T. Thomson. 

Youngite (= Hornblende) 

Zaratite ( — Emerald Nickel) . . . . A. Casares. 
Zincite (= red oxide of zinc, A. Bruce) W. Haidinger. 

Zinc, silicious oxide, L. Vanuxem and W. H. Keating. 

Zlrcarbite C. U. Shepard. 

Zonochlorite A. E. Foote. 
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CONTRIBUTIONS TO THE GEOLOGICAL HISTORY 

OF THB 

AMERICAN CONTINENT. 

f The Address of the retiring President, delivered before the Montreal Meeting of the 
American Association for the Advancement of Science, 1857. 1 ] 

BT 

JAMES HALL. 



Gentlemen of the American Association fob the Advance- 
ment of Science: 

One who accepts a trust has no right to make excuses for not 
fulfilling its obligations ; and yet I would willingly excuse myself 
from the performance of this last act of the retiring President. 

With imperative duties enough to occupy every hour of my 
time, I cannot do justice to you, gentlemen, or to your kind par- 
tiality in assigning to me this position. Circumstances beyond 
my control have placed it out of my power to make the preparation 
which was due to the occasion. 

You have so often been reminded of the high objects and pur- 
poses which bring us annually together, that I need not repeat this 
now. It is the one great social and scientific festival of the man 
of science throughout the year, of all others, the most desired : — 
to the tired and lonely worker, who is endeavoring to add new 
truths to our stock of knowledge, or to elucidate more clearly 
what we but partially know ; to the teacher of science who has 

lit is only proper for the author to say that daring this long interval he has taken 
no opportunity of revising the original manuscript of his address, which he had long 
hoped to be able to accomplish. It has been copied without any supervision by him 
or any changes suggested by him. It has been his desire to present the address as then 
given, and to make any desired changes or explanations by supplementary notes. A 
lew changes in proof correction, in order to render some points more clear, or to avoid 
repetition are all that have been done. None of the important additions to our 
knowledge of the subjects discussed, during the past quarter of a century, have been 
either directly or indirectly referred to or incorporated in the address. 

The address is submitted to the scientific public as an expression of the views and 
opinions entertained by the writer at that period. 

(29) 
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been freed from his daily routine of duties ; — this occasion is one 
of many pleasant anticipations. We all meet as one brotherhood , 
as the children of one Parent under whose government we delight 
to live, and whose laws, impressed upon ourselves and upon every- 
thing around us, we would better understand. We come together 
for mutual counsel and mutual aid for the true interpretation of* 
these laws respecting our relation to the animate and inanimate 
world around us, and our relations to the Great Author of the 
whole. 

On every recurring occasion of our meeting it is a subject of 
congratulation ; and more particularly for those who can so well 
remember when the year wore on without those pleasant antici- 
pations of a reunion with sympathizing friends and colaborers in 
science. But this occasion, more than all others, gives cause for 
congratulation, — cause even to excite enthusiasm, that true to 
the enlightened views we profess, and true to the instincts of an 
unprejudiced scientific spirit, WP have forgotten political and civil 
limits, have forgotten the names of governments and countries, and 
with cosmopolitan spirit we meet beneath the aegis of Her Bri- 
tannic Majesty, Queen Victoria, though still upon the American 
Continent ; and now may we more fully claim the right to the title 
of the American Association for the Advancement of Science. 

I might, were it the proper occasion, go on to say, in how far 
the establishment of telegraph wires, railroad lines and various 
social and commercial relations* have tended to bring about this 
meeting in Canada ; but scientific sympathies have done more ; 
and I cannot help thinking too, that the discovery of another fact, 
that the rocks are of the same age and the same character in Can- 
ada as in the adjoining territory, has, in a manner served to as- 
similate the living inhabitants of this wide country, by showing 
most conclusively that the ancient inhabitants of this continent 
were of one nation and one government, and indeed are here to- 
day with us, if not to discuss, at least to furnish subjects of dis- 
cussion, and who will maintain their ground notwithstanding 
geological systems and system makers. Nor should it be forgotten 
that the geologist of Canada, with that noble and unselfish spirit 
which characterizes the true man, and the man of real science, has 
adopted a nomenclature already framed for an adjoining State ; 
for although directing the investigations over an area six times as 
large as New York, he saw nothing in the prolongations of the 
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same beds that could induce him to change the name of rocks 
already well determined. With this immense area Sir William 
Logan had a right to establish his own nomenclature ; but in. true 
scientific magnanimity, which affects no local nomenclature, Canada 
has been added to New York and the West, that over our common 
country may extend a unity of scientific language. 

But from the present, which brings only delightful associations, 
shall we not turn one moment to the past, and to. the memories of 
the departed ? The last year has been a sad one for our little band 
of workers in science. Never has a year before cut down so many 
true and tried ones from amongst us. The names of Red field, 
Tuomey, Mitchell and Bailey, need but be mentioned to find a 
mournful response in the heart of every one who knew them. 9 



Our association, composed as it is of laborers in every depart- 
ment of science, has perhaps a right to expect that thp retiring 
President should embrace -in his discourse a view of the progress 
of science in America for the past year. But even if the investi- 
gator in one science were able to present such a view, I do not 
believe that the time allotted for our annual address is sufficient 
for such a retrospect. 

For one who is in constant intercourse with the mute and inani- 
mate existences of former creations, there is little hope that he 
can offer a language that shall be acceptable to the living, or that 
his subjects shall interest others than those who are themselves 
engaged in the same pursuits 5 and yet, gentlemen, in my poverty, 
I have nothing else to offer you than the results which flow from 
geological and palsaontological investigations during the past few 
years, and to offer collaterally some Contributions to the Geological 
History of the North American Continent. 

While I would claim for no science a preeminence, I must here 
protest against that narrow view which has been expressed by 
some, that Natural History is not a science, and who perhaps be- 
lieve that mathematical formulae lie at the basis of all sciences 
and that these must be used in all their minutiae to reach any val- 
uable result. But let us inquire whether, after all, natural science 

* The long interval of time which has elapsed renders it nndesirable to repeat here 
what immediately follows concluding the introductory portion of the address. 
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as it is termed by way of distinction (one might suppose to dis- 
tinguish it from artificial science) be not truly a mathematical sci- 
ence. Every object in nature is a mathematical figure of some 
sort, and its form and proportions may be expressed in mathe- 
matical formulae. 

Let us take one of those little bodies known as crinoids, which 
are of various spheroidal or ovoid shapes. They are made up of 
plates of various forms, three, five or seven sided, with sides of 
various length and angles as various. More than this, these plates 
are not plane surfaces, and their curvature has such relation to 
the sides and angles, and to the form of the whole body, that 
when put together they shall produce just that form and no other. 
And now will you tell me by what processes a mathematician will 
set about calculating the length of the sides, the proportions of 
angles and the requisite curvature of each of these plates ? Long 
before the mathematician could arrange his formulae, the naturalist 
has instinctively measured ail, and has reconstructed the body as 
unerringly as the motion of light. 

But then you will ask me, perhaps, what is the use of all this? 
I will tell you of a use for it. When, like the navigator at sea, 
the naturalist may be wandering many hundreds of miles away 
from any fixed point in the geological horizon or geological se- 
quence, he may meet with some dismembered plates of one of 
these bodies in the rock upon which he stands — no mathematical 
calculations, no astronomical observations or chemical analysis, 
will serve to determine the geological latitude and longitude. The 
density of the mass fails you, its chemical composition will not 
aid you, and you are thrown back upon the few poor pentagonal, 
hexagonal or heptagonal plates of a little insignificant body by 
which to determine the place. Do you measure the sides and 
angles and sit down to work out the formula with your known and 
your unknown quantities represented by initial characters? No ! 
The naturalist instinctively, with mathematical exactness, sees the 
elements of the problem, and the result itself stands revealed be- 
fore him. All that every other science has failed to do is here 
accomplished. 9 

I might even occupy the entire time of this address in explain- 
ing the beautiful and curious structures of the crinoids. In some 
periods of geological history they are, so far as known, few, and 
their mode of construction is in each type very distinct, and every 
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plate is recognizable not only as referrible to the species, but to its 
place in the body. 

In later periods of the palaeozoic era there are great numbers of 
species constructed upon the same general plan, the same num- 
ber and form of plates at the base, and in the first, second and 
third series or ranges of plates of the body ; and although 
showing distinctions in the different species, they are not so 
strongly marked because of the great number of individuals con- 
structed upon the same general plan. But as if in order to indi- 
vidualize themselves, and to overcome the want of character arising 
from similarity in basal structure, they have adopted another mode 
of distinction which is equally dependent on mathematical principles. 
The bodies are surrounded near the summit by arms, and there is 
a bilateral arrangement so that when viewed from one side which 
is called the oral side, the two halves correspond. Now on each 
side of this dividing line you will find the arms originating in one 
instance in pairs or double, and this prevails throughout, and you 
have ten arms in five pairs, et cetera. The first deviation from 
this is a group of three arms on each side of the ovarian aperture, 
while all the others are in pairs. Again you have groups of four 
on either side of the ovarian aperture, and groups of four in double 
pairs throughout the circumference. They present every possible 
combination of the numbers 2, 3, 4 and 5, in this manner individ- 
ualizing themselves where the type is multiplied in species ; and 
these are among the lowest forms which engage the attention of 
the palaeontologist. 

Without showing how, at every step from the lowest coral cell 
to the higher forms of life, the naturalist becomes the mathema- 
tician, it will be enough to mention to you the achievement of a nat- 
uralist (whose name I need not repeat here) in the conception and 
production of the outline of a fish from a single scale, — the so- 
lution of a problem upon purely mathematical principles aided by 
a profound knowledge of structural development. 

Could the physicist have ever determined the original areas of 
land and water upon the face of the globe during former geologic 
periods, or have proved that the sea, once spread over continental 
areas, was always shallow during many successive creations ? 

Even when we had determined that our continent was outspread 
with the sediments of a former ocean, could any geometer show 
us the direction of the ancient current like our modern Gulf 

A. A. A. 8., VOL. XXXI. 8 
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Stream or its lines of greatest force and the lateral subsidence of 
this force ? and could he point out the quiet mid-ocean areas that 
prevailed during that long, long palaeozoic period, or during later 
geological ages? 

Geology, then, may assume to know something of the structure 
of the earth, not less than the sciences which weigh and measure 
it ; and when the vast accumulations of geological collections in 
our country shall be reduced to system, and the story of their 
origin told, we shall learn that there are laws in operation not dif- 
fering from other natural laws, though seen and studied by different 
modes. 

The picking up of stones by a child may not be science, nor is 
the blowing of soap bubbles by the same child any more a sci- 
ence, but either one of these amusements by a philosopher may 
lead to the discovery of laws which we call science. 

It is here that one of the great difficulties of geological science 
lies ; for geology presents herself to us in two aspects, the Phj r s- 
ical and the Natural History. I might add also as a third, the 
Chemical aspect, so large a part has chemistry played in geological 
phenomena, being indeed at the foundation of many physical 
changes, and because there are no higher problems on which chemi- 
cal science has expended her force than those furnished b}' geology. 

To some minds, geology scarcely assumes the rank of a science, 
except where treated of from a physical point of view. They con- 
sider the simplest physical law adequate to the explanation of the 
most stupendous phenomena. To them, mountain chains rise and 
are abraded, and the entire crust of the earth is folded and pli- 
cated in obedience to certain laws. They see no difficulty in the 
way of imagining torrents of water moving onward and upward, 
carrying masses of rocks over heights far above their origin by 
some simple gyratory force. The entire earth becomes with equal 
ease to them, either a pliable, elastic, or compressible mass, or a 
non-elastic body ; sometimes one, sometimes the other, changing 
gradually, or by sudden cataclysms, according to the fancy of the 
expounder. No. wizard's wand ever played so many pranks as the 
poor earth in the hands of these theorizing geologists. 

The more slowly moving, but not less industrious and devoted 
laborers in science, can never hope to climb the height of that 
Parnassus which the physical theorist in geology reaches at a 
single bound. We stand almost aghast at the passage and the 
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progress, but after all we are forced to confess that onr wonder has 
been more excited than our reasoning powers; and I am in duty 
bound to say that geology has suffered more from these theories 
than from all other causes, though we have much to fear from the 
natural historians at the present time. 

It is the misfortune of all sciences that when, having acquired a 
certain degree of popularity or interest in the public mind, men 
are found who, with more or less of true science, are still so fond of 
making theories of their own, that they at once invent a plausible 
and acceptable plan which goes forth to the world with all the cir- 
cumstance attending a real scientific investigation. With truth 
enough to spare it from the anathemas of science, it still carries 
false doctrines and false views. Nor is this peculiar to geology, 
for other sciences have suffered equally from the false zeal of inju- 
dicious friends who attempt the reconciliation of new and legiti- 
mate views of science with old prejudices and preconceived opin- 
ions. 

In geology this reconciliation is attempted between the science 
and Scripture, and every phase of geological science has had its 
reconciliation with the received opinions or prejudices regarding 
the origin of our earth, as derived from the first chapter of Gene- 
sis. The absurdity of all this is apparent, when we consider that 
with advancing discoveries every quarter of a century presents our 
science in so different a phase that a new reconciliation is required. 
Yet each reconciliation and interpretation is advanced with ex ca~ 
thedra authority ; and not satisfied with promulgating scientific 
truths, the author would insist upon making their interpretations 
dogmas of religious teaching and religious belief. 

Another point which I conceive to be more pernicious than this 
is the Millerism in geology at the present time. But time will 
not permit a review of this subject. 

Let me now, gentlemen, attempt to present you with something 
more peculiarly appropriate to this occasion ; and, not to go be- 
yond the pale of geological science, I may be permitted to call 
to your attention some of the more important results which have 
been derived from the investigations of the past few years. 

There was a time when we were taught to believe that all the 
mountain regions of New England, the Appalachian chain, those 
of Northern New York and the Laurentian mountains, were pro- 
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jecting prominences of the ancient, irregular, primary nucleus of 
this portion of our planet ; but that time has long since passed, and 
I conceive it to be one of the most important steps in the progress 
of modern geology that, having shown most conclusively that this 
science has nothing to do with the origin of things, we have 
proved that she recognizes no beginning of existing conditions. 
There is no known point that can be appealed to as a part of the 
primary nucleus of the earth, according to the theory which regards 
the earth as formerly an incandescent body. 

All that we can see among the evidences of the earlier condi- 
tion of the globe shows us that the physical conditions were then 
as now : that even the beginning which we recognize in geology 
shows our continent as an ocean-bed laved by the widespread 
waters, and solid materials broken down and transported then as 
now by currents and spread out in stratified deposits over the ocean- 
bed. The evidences of these conditions meet us in the elevated 
ranges of the Adirondack mountains in New York and the Lauren- 
tian mountains of Canada, and various isolated points elsewhere. 
These most ancient of all the rocks which we know tell us only of 
water and its distributing action in first spreading abroad the ma- 
terials, and their subsequent metamorphism and elevation. 

How many similar sedimentary formations may have preceded 
this one, we know not, but we have reason to believe that this is 
not the earliest, and we may yet know more of those of prior date. 
And even now the investigations in the Canadian Survey have 
shown the necessity of dividing the sediments of this period 
which we have considered as one ; the. facts proving these rocks to 
have been formed during two epochs, forming the Lower and Upper 
Lauren tian. 

We have moreover the evidence of preexisting stratified depos- 
its, for here in these ancient sediments of the Laurentian period 
are found enclosed masses of preexisting stratified rocks. Even 
these ancient crystalline masses, which had been believed to be the 
oldest if not the very primordial nucleus of the earth, are found to 
contain laminated masses, not conforming to the stratification or 
lamination of these beds, but lying at a different angle, telling you 
that here is a fragment of some older stratified mass, which had 
been broken off, transported by the ocean current, and embedded 
among the finer debris of a later deposit. Even here then we find 



BY JAMES HALL. 37 

that not only are these rocks not the primar}* nucleus, but that 
the materials of which they are made are not derived directly 
from that nucleus. 

Instead therefore of the earlier condition of our planet exhibit- 
ing the action of great heat, and the results of igneous influences, 
we find only evidences of water, for metamorphism does not nec- 
essarily imply the action of heat in a high degree. Here are the 
oldest rocks known, still preserving their lines of bedding and 
their outcrops, as distinctly marked as in the more modern for- 
mations. 

We are indebted to the Geological Survey of Canada for fully 
establishing this Laurentian System as a series of older stratified 
deposits and the promulgation of another, .the Huronian System, 
which must hereafter form a part of the geological history of our 
continent. 

These Laurentian deposits of immense thickness, and regularly 
stratified, are nevertheless almost throughout highly crystalline. 
In the gneiss of this period, which preserves its regular lamination, 
were embedded large masses of a preexisting gneiss, with its planes 
of lamination lying at various angles to the lines of bedding in the 
enclosing rock. Masses of this kind often appear like an immense 
accumulation of bowlders, the interstices of which have been filled 
with sand and mud, the whole having become indurated and subse- 
quently metamorphosed ; the bowlders retaining the character and 
lamination of their original bedding, while the new deposit has as- 
sumed its own system of lamination conformable to the lines of 
bedding. 

In this manner we have disposed of these areas of crystalline 
rocks belonging to the more ancient class, or those prior to any 
evidence we have of the appearance of life upon our planet ; but 
the analogy in their mode of occurrence, and consequently their 
manner of formation with the fossiliferous deposits, induce the 
hope, and I may say even the expectation, that we shall one day 
prove them to have been the seat of animal and vegetable life. 
Notwithstanding that our experience thus far negatives such infer- 
ence, I hold that there is nothing unphilosophical in the belief that 
all the conditions of their deposition, so far as we now can see, 
were as favorable to life as the newer formations, and there is no 
ground upon which we can safely conclude that animal remains 
will not yet be found in these rocks. That there was a period 
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when life began upon oar earth I do not doubt, but there are no 
evidences beyond those of a negative character, to prove that it 
might not have begun long previous to the commencement of those 
rocks at present known as fossiliferous. This same negative evi- 
dence has been applied to New England and other portions of 
the country long after many of us had shown that the mountains 
of New England consisted of strata of fossiliferous age ; and it 
will probably be a long time yet before all will admit that the 
Green mountains are Silurian, and the White mountains Devonian 
and Carboniferous, in their age. 

In one respect the lower crystalline rocks present a point of high 
interest. In their greatest development they are known only tow- 
ards the north, both in America and Europe. On this continent 
they rise to the northeast, forming a long barrier nearly parallel 
to the line of the St. Lawrence ; and thence stretching away to the 
westward by the great lakes they gradually die out in low isolated 
areas, which form no strong feature, and are finally entirely ob- 
scured by later formations. It may still be said that we have 
intrusive granites of older date, and that these may be parts of that 
original nucleus. There is no evidence to sustain this view. Gran- 
itic masses penetrating the Laurentian rocks may still be portions 
of the preexisting stratified deposits ; and when we find crystal- 
line granite intruded in the more recent Silurian, Devonian or 
Carboniferous strata, we may infer that they are derived from the 
formation entirely beneath. We have no evidence that, even by 
granitic veins or extruded masses of so-called igneous granite, 
there is any communication from the surface with that imagined 
primary incandescent nucleus of our earth. 

This point prepares us for a different appreciation of the phe- 
nomena presented by crystalline masses. If it does not simplify 
the whole subject of geological science, it at least takes away the 
source whence have been derived a large part of those absurd 
speculations, where imaginary laws of physics and chemistry have 
been applied to illustrate and sustain an equally false and imagi- 
nary geology. 

The grand problem of geology is the entire histor3 r , chemical, 
physical, zoological and botanical, of the groups of strata consti- 
tuting the formations of the globe. From the first evidences of 
life as we know it in the strata, to the present time, is the phase 
in the earth's history with which geology has most to do ; and it 
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is here that the labor of systematizing and classifying has been 
mainly expended. But even with the best intentions and with the 
best efforts there are different views expressed, and one type or 
another, as seems most in accordance with the author's views or 
his knowledge, is made to mark the eras or periods. This is true 
not only of the more general but also of the more detailed classi- 
fications which have been advanced and adopted. 

All these classifications must, confessedly, be founded upon im- 
perfect knowledge, for the geology of the globe has been but 
partially studied, and negative knowledge, or the absence of all 
knowledge, is too often treated in generalizations as positive , 
knowledge. 

It might be presumptuous to hope to advance any new views 
upon this subject ; still there is one which seems to me not likely 
to receive sufficient attention in the increasing interest and at- 
tractions of palaeontology. This science instead of being studied in 
connection with geology, and as an exponent of geological phenom- 
ena, has come to be regarded as a great object of independent in- 
vestigation ; and rocks are looked upon merely as the conservatory 
or museum of the natural history of the past geological periods. 
Certainly I ought not to oppose a view which exalts palaeontological 
science ; and still, gentlemen, I would not in this study lose sight 
of the attendant ph} r sical conditions, which are equally important 
to be regarded. The progressive steps in the development of 
animal life have not been made without great physical changes ; 
and we can never arrive at a true history of our planet till both are 
studied in connection. 

The relation of the physical conditions to the vital force and 
to its development is a problem of vast importance. It should 
always be borne in mind, that the expression of animal life is 
coincident with physical conditions, and that the vital force is 
never developed independent of physical conditions. This is true 
without giving any undue importance to these conditions, or any 
countenance to materialistic views. 

The subdivisions into formations, groups and systems, have 
al way a been marked by physical changes. Where a group of strata 
has its materials like those of the preceding group, there will the 
forms most resemble those of the preceding period ; and where the 
lithological change is greatest, there will be found the greatest 
change in the nature of the organisms. When an intervening 
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formation cuts off all the species of a preceding group, and the 
next, or third, is similar to the first in lithological character, so 
far will the fossils resemble each other not only in generic forms, 
but in the characteristics of species. We have then the converse 
of this proposition, that uniform physical conditions give uniform 
fauna. And I may here say, that while this holds in a large major- 
ity of instances, it does not hold true in all ; because there is a law- 
still beyond that of physical condition which affects the geograph- 
ical distribution of species. In modern zoology, we have geo- 
graphical centres of distribution ; and we have zoological districts 
% or areas both on land and in the sea. Here questions are involved 
which have not been heretofore fully discussed ; but which never- 
theless — so long as each geological period is marked by a fauna 
of its own, and is compared with a modern fauna— demand our 
serious consideration. 

In pursuing this subject, let us for a moment review the recog- 
nized periods of American geology, or the geological 83 T stems and 
groups as at present accepted, and their application to the rocks 
as developed upon our continent. With true scientific spirit, as 
well as in respect to what has been done on the continent of Europe 
and in Great Britain, we endeavor to make the greater groups or 
systems harmonize with those adopted in Europe, while all the 
minor divisions must be wrought out and receive the expression 
due to them from the conditions of this continent, dependent upon 
the prior conditions of the great ocean in which they were depos- 
ited. In tracing the development and distribution in that part of 
our continent which we intimately know, I shall be able to show 
with more force the results at which I have arrived respecting cer- 
tain mountain and continental phenomena. 

The Potsdam sandstone, in its wide distribution, is everywhere 
marked by ripple marks, by broken and drifted shells of Lingula, 
diagonal lamination and all the evidences of a shallow sea. In 
the uniformity of the character of its materials and its even dis- 
tribution over wide areas, it is only equalled by its associated 
member the Calciferous sandstone or Magnesian limestone which, 
in composition and the uniformity of physical conditions under 
which it was deposited, presents similar characters. Even long 
prior to the period of these depositions, the forces which had dis- 
turbed the preexisting continent had ceased, and in contradiction 
to the generally entertained opinion that in more ancient times 
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there was more disturbance of the crust, there has scarcely ever 
been, since this advent of life upon our globe, so wide an area or 
so long a period, indicating repose of all the disturbing forces. 
At no period has deposition been so uniformly diffused or animal 
life so widely distributed in the same forms over so large a pro- 
portion of our continent. 

The second great period of the geological history is marked by 
the limestone groups, the Chazy, Birdseye, Black River and Tren- 
ton. The latter is the most important and gives character to 
the whole. This formation we know to be widely spread over the 
continent, indicating until near its close a period of repose, and it 
is only in some few points towards the northwest that we discover 
the deposit much attenuated and the influx of muddy sediments 
interfering in a great degree with the persistence of the fauna. 

I might state here incidentally that the fauna of the Potsdam 
and Calcifcrous period is totally unlike that of the Trenton lime- 
stone period following. In the earliest of known periods when 
life has flourished, it has been widely distributed and has ceased 
without convulsions or cataclysms, leaving the area of ocean which 
it had occupied for the occupancy of new races. In the very first 
of our creations, therefore, we have evidence to show that life was 
terminated over wide areas while there are no evidences remain- 
ing of violent commotions. 

The next succeeding or the Hudson River group appears to us 
with more features of interest in its physical characters than either 
of the preceding ; and it was at this period, as I shall attempt to 
show, that the form and outline of our present continent were 
determined. 

The Hudson River group presents us on the one hand with a 
series of soft shales becoming coarser and alternating with sand- 
stones above, and on the other with irregular masses of limestone 
and finally immense masses of coarse sandstones or conglomerates 
with great bands of shale. This group attains in Canada a thickness 
of 2000 feet, and in Pennsylvania it has a thickness, according to 
Prof. Rogers, of 6000 feet. Its northeastern extremity stretches 
out to Gasp6, and on the south side of the St. Lawrence, and, 
throughout Canada and the Green mountains of Vermont, forms 
in its inetamorphic and folded condition, a great feature of the 
country. In its continuation southward it forms a marked feature 
in the Appalachian chain gradually dying out as the range declines 
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to the southward. Along this line, which I shall term its line of 
trend, it presents no striking variations — nothing but what might 
be expected in any sedimentary group of rocks. It is only in 
pursuing it to the westward that we find interesting and important 
changes. Tracing it through Canada, west by the islands of Lake 
Huron and by Green Bay to the Mississippi River and more 
southerly still by Cincinnati and the mouth of tiie Ohio, we learn 
that the coarser sediments gradually disappear, the finer mud alone 
having been transported, and finally that calcareous matter becomes 
an important ingredient in the formation and sandstone has 
become an exception. Or to give the best expression to the 
change, we here in New York and Canada speak of the shales 
and sandstones of the Hudson River group terminated by the 
Oneida or Shawangunk conglomerate. In Ohio the same group 
is known as the " Blue limestone." In Wisconsin and Illinois, this 
group, which in New York and the east is thousands of feet in 
thickness, has thinned so that it measures only from sixty to one 
hundred feet, while in Iowa I have not been able to obtain a 
thickness of fifty feet. Here we have an extensive group of strata 
changing from fine and coarse sedimentary materials and passing 
through all the intermediate phases until it becomes a shaly 
limestone. 

Now in looking at the present continent as at that time an 
open sea, I conceive that the most rational explanation of these 
phenomena is that a powerful current has brought these sedimen- 
tary materials of sand, clay and pebbles from the northeast 3 and 
has distributed them along the line now marked by the Appala- 
lachian chain ; or, if you please to assume that there has been a 
continent to the east of our own which has been subsequently 
submerged, then the materials have been distributed along its 
coast. On whatever ground we view the deposit, we must admit, 
I conceive, that these materials have been distributed by a cur- 
rent, and that the direction of this current has been in the line of 
greatest accumulation and coarser materials ; and that towards 
the westward, where we find less accumulation and finer materials, 
but still a wide ocean, the current gradually diminished until 
it essentially ceased and the fine materials were slowly spread over 
the broad area which they occupy in their diminished thickness. 
Such I conceive to have been the physical conditions of this an- 

8 See note at the end of address. 
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cient ocean-bed » an ocean disturbed by currents as extensive 
and as powerful as any we can point to in modern oceans. Thus 
from an equable and comparatively quiet period when the Potsdam 
sandstone was spread widely over the bottom of the sea, we 
have come to one when powerful currents directed the distribution 
of the sediments in long lines of deposition, on the seaward side 
of which we find the gradual thinning-out of the beds for want of 
a sufficient transporting agency. 

Shall we here inquire, what influence this change in the char- 
acter of sediments has had upon the fauna of the period ; and if the 
fauna in any manner indicates the force of physical influences? 
In the east the Hudson River group presents an abrupt change 
from limestones to black and green shales containing few fossils. 
In the sandstones above and in the calcareous bands accompany- 
ing them are numerous plants, graptolites, some crinoids and 
acephalons, with gasteropoda and cephalopods not known in the 
group below ; while at the same time after being absent through 
the lower part of the group, many of the Trenton limestone spe- 
cies of brachiopods are here reintroduced midway in the series 
mingled with the new fauna. 

In the west where the strata are calcareous and have a litholog- 
ical similarity with the formation below we find, likewise, a greater 
similarity with the fossils of the preceding period. Nearly all the 
Trenton brachiopoda are found, together with a large proportion 
of new forms of this family. The acephalous shells, which are the 
distinguishing fossils of this group in New York and part of 
Canada, are rare and very subordinate in the west, forming indeed 
no notable portion of the fauna. At the same time the trilobites 
of the Trenton limestone occur abundantly in the Hudson River 
group of the west while they are extremely rare in its coarser 
sedimentary phase in the east. But even these phases do not hold 
good throughout, and in western Wisconsin, northern Illinois, and 
in Iowa towards the attenuated margins of the group, scarcely a 
single species of the group is identical either with those of Ohio or 
of New York or Canada ; and, finally, on its attenuated north- 
western margin it is marked by scarcely more than half a dozen 
species of fossils, not one of which could be recognized as identical 
with anything known in the group within two hundred miles from 
the centre of its greatest development. Such are the phases of 
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the Hudson River group in the great eastern development and in 
its western and southwestern prolongations, and this was the extent 
of our knowledge of its phases until within a year past [1856]. 
During this time the investigations of the Canadian survey under 
the direction of Sir W. E. Logan have extended to the Island of 
Anticosti, hitherto almost a terra incognita, and the few fossils we 
had seen from there indicating very clearly a new and rich field. 
But the results are far in advance of all anticipation. 

In order, however, to understand fully these results and the po- 
sition of that Island, you must know that from this point to be- 
low Quebec and still farther down the St. Lawrence, the lower for- 
mations with the Hudson River group in its vastly developed physical 
aspect, together with the formations below, abut against the slopes 
of the Laurentian mountains ; that to the eastward the trend of 
the Hudson River in its conglomerates, etc., is more easterly while 
the Laurentians trending to the northeast open a space between 
them in which lie the Island of Anticosti and the Ming an Islands. 
We might have expected to find on the Island of Anticosti the 
upper sedimentary deposits of the Hudson River group with some 
higher beds, but we were quite unprepared for the result which 
shows that here, as at the west, are large accumulations of calca- 
reous beds with the recurrence of fossils similar to those along 
the area exposed by the Cincinnati axis. The same corals, the 
same brachiopods that mark the u blue limestone" formation of 
Ohio and Indiana and of the islands of Lake Huron are, here in 
Anticosti, characteristic forms. On the west the nearest points where 
these associations of fossils are known are the islands of Lake Hu- 
ron, three hundred miles or more to the westward of where we stand ; 
while on the other hand, seven hundred miles or more to the east- 
ward, are the same associations of fossils. In Anticosti there is 
the well-marked coral Favistella stellata with Orthis subquadrata, 
marking the same horizon as one thousand miles farther to the 
west, while all the intermediate space is filled with the sedi- 
mentary deposits of the group, in which neither of these forms 
occurs. To the southward of Anticosti, there has been the great 
force of that current from the northeast bringing forward the sed- 
iments of the Hudson River group, while the more gentle action 
spread northward the finer material, to be mingled with the calca- 
reous matter there formed from corals and shells and to become 
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the habitation of another fauna. And not only do we find there 
many species which we know as characteristic of western local- 
ities, but many other similar forms both of corals, brachiopoda 
and gasteropoda, besides many new and remarkable forms. In- 
stead therefore of this group of brachiopoda and other fossils 
forming, as we had supposed, a peculiar fauna marking the west- 
ern extension of the Hudson River group, it has, in truth, its cen- 
tre farther to the east, and the western apparition is an isolated 
offshoot, as it were, which after all has had but a meagre development 
when compared with that of Anticosti. The trend of the coarser 
materials, striking against the southern prolongation of the Lau- 
rentian range, cuts off the western extension of these more quiet 
sea-deposits which were only again reproduced and continued at 
the westward and south westward. 

The strata which we designate therefore as our Lower Silurian for- 
mations have been deposited under very unequal conditions : in the 
first instance an almost universal sediment of uniform character, 
ending with calcareous materials marked by a fauna as peculiar as 
any other ; then an entire cessation of these conditions and a new 
fauna scarcely less universal in its distribution in the earlier epochs 
such as the Trenton limestone. In the later phases of the Hudson 
River group it exhibits evidence of violent physical action in the 
accumulation of coarser debris, powerful currents and unequal dis- 
tribution of material, with a varied fauna. Certain parts of the 
group in its geographical distribution are characterized by fossils 
which are almost or quite unknown in other parts. 

Almost coincident with the distribution of the sediments of the 
Hudson River group to the west and southwest are those of the 
Medina sandstone and Clinton groups. These later formations 
gradually die out in the line of the Great Lakes on the westward 
and have scarcely a vestige in the Ohio valley ; while they are, 
like the Hudson River group, much more persistent in the direc- 
tion of the Appalachian chain. Although we can only regard 
these products as the result of the same action which produced 
the sediments of the Hudson River group, yet we admit the cul- 
mination of that action and of that group in the Oneida conglom- 
erate ; while the Medina sandstone and Clinton groups in their 
sedimentary materials must be regarded as the result of the dimin- 
ishing force whLch originated and continued in greater or less degree 
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throughout the period. At the time the Medina sandstone (and 
perhaps the Oneida conglomerate) as well as the coarse materials 
of the Clinton group were being deposited in New York and west- 
ward, the sediments of Anticosti were made in a comparatively 
quiet sea, and the succession of forms goes on almost without 
interruption. You perceive that there were already at this early 
period vastly greater accumulations of sediment along what is now 
the eastern border of our continent than along the country to 
the westward and especially in that part now constituting the 
Mississippi valley. 

We are now to contemplate a return to a more quiescent condi- 
tion of the ancient ocean. The shales, sandstones and conglome- 
rates are succeeded by limestone formations of wide extent. The 
Niagara group, stretching from the Hudson valley westward, can 
be traced through New York, Canada, by lake Huron and lake 
Michigan, thence across Wisconsin and Illinois, where it disap- 
pears beneath the Devonian and Carboniferous rocks of Iowa and 
Missouri. In its southwesterly direction from New York it grad- 
ually thins out, but is still known in Tennessee where it is lost 
beneath the more recent formations. The numerous fossils in the 
Canada Survey collections proclaim the existence of this group in 
the peninsula of Gaspe and at numerous other points on the north- 
east. 

Without at this moment giving the deductions which arise from 
the facts, I may mention here that the Niagara group and succeed- 
ing limestones lie uncomformably upon the Hudson River group, 
in the valley of the Hudson ; that, even before the deposition of 
this member of the series, those contractions which have finally 
produced the results of which we have been before informed, in the 
Green Mountain and Appalachian chain generally, had at this 
early period commenced. 

The Medina sandstone and Clinton groups, which lie at the base 
of the Upper Silurian System and below the Niagara group, have 
had but a partial distribution of sediments in a westerly direction, 
while the succeeding limestones of the Niagara are as widely dis- 
tributed as any Silurian formation upon our continent. Notwith- 
standing this disturbed condition during a large part of the time 
of the deposition of the formations at the base of what we term 
Upper Silurian, a new fauna was introduced, and as we should sup- 
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pose under most unfavorable circumstances. Short periods of 
repose indicated by the nature of the strata, alternated with periods 
of disturbance from the influx of coarse sediments, which must 
have been disastrous to animal life. We might have presumed 
that the fauna we find in these rocks was a colony, as it were, from 
some more favorable centre, but we have not until now had the 
means of proving that in the same period the island of Anticosti 
was a quiet sea and there flourished the prototypes of our upper 
Silurian fauna. 

The conditions which existed during the Niagara period, caused 
by the elevation of the eastern portion of the Hudson River group, 
thus producing a thinning of the easterly edge of the Niagara group, 
continued after the cessation of its fauna. Beginning with its 
thin edge in eastern New York it becomes conspicuous in western 
New York and Canada West and is thence recognized by the 
islands around the northern margins of the Great Lakes and be- 
comes an important formation at the Mississippi River. Thus 
without any apparent disturbance and with a continuance of the 
same physical conditions which continued to cause the deposition 
of the same kind of sediments, we have a total change in the 
fauna marking this later stage, as it were, of the Niagara period. 
The conditions for its production becoming more and more favor- 
able as we go westward to the Mississippi valley, and there, in 
its greatest mass and the highest development of its fauna, we 
leave it passing beneath the more recent formations of Iowa with a 
thickness of six hundred feet. 

In the succeeding order, the Onondaga Salt group follows, par- 
allel in its outcrop and so far as we know coextensive with the Ni- 
agara group through New York, Canada West and thence to the 
Mississippi valley ; and again southwesterly parallel with the Ap- 
palachian chain. Although having this great geographical extent, 
it has generally a moderate thickness and in some places has not 
received the recognition of a distinct group. Generally the deposit 
is that of a shallow sea, while in New York and Canada West 
it presents the features of a deep basin deposit. While thinning out 
on the eastern limits of New York to a thickness of thirty feet or 
even less, and westerly to less than one hundred feet, it still has in 
central New York a thickness of 1000 or 1200 feet ; showing that 
there was a deep depression, caused in all probability by the lateral 
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pressure on the east, which elevated the rim of the basin on that 
side rather abruptly while it sloped more gradually to the west. 
This lateral pressure on the east is apparently caused by the 
gradual contraction which produced the more abrupt foldings of 
the crust in the region of New England and eastern New York, 
thus showing most conclusively that changes of level and mod- 
ifications of the form of the ocean were going on throughout these 
periods and that- Iterations extended much beyond the actual evi- 
dences of their action at this time. 

I have chosen to speak of these formations where we know them 
fully and have trusted to no doubtful observations or evidence not 
fully sustained by facts. You will have perceived that thus far the 
Silurian sea has spread over all the known area of the older rocks on 
this side of the Rocky mountains. In the period of the Potsdam 
sandstone and lower limestones the depth was very uniform through- 
out, as would appear from the fauna. In the period of the Hudson 
River group we trace the deposits, as we believe, to greater depths 
than animal life of a molluscan type can flourish, while further to 
the east were shallower seas. In the Niagara period and the two 
succeeding ones, the ocean presents a pretty uniform character 
over a westerly extension of one thousand miles from one meridian, 
while we have evidence of libration on the east and particularly in 
that portion occupied by the sedimentary portions of the Hudson 
River group. 

The lines or exposed areas of deposit mark the ancient ocean 
limits. When the conditions were favorable for sustaining life we 
look to the fossils for the indications of the changes of area and 
depth of this ancient ocean. In the absence of life, we seek an 
explanation of these changes of area and depth, in the direction 
and force of currents as indicated by the nature and extent of the 
sedimentary deposits. 

If we now look to the next succeeding group of strata, which 
we term the Lower Helderberg group, we find the direction and 
extent of its area almost at right angles with those immedi- 
ately preceding it, and parallel to that great line of sedimentary 
deposits marking the crest of the Hudson River group. From the 
investigations of the Canada Geological Survey, the Lower Helder- 
berg group is known on the northeast at the extremity of Gasp6, 
resting unconformably upon the rocks below ; thence to the south- 
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west more or less interruptedly it pursues its course, here at our 
feet in the bed of the St. Lawrence appearing in outliers which rest 
unconformably upon the upturned edges of the lower beds of the 
Hudson River group. Again in the Hudson valley above the 
Highlands lies the same series resting upon the shales and shaly 
sandstones of the Hudson River group, while the continuation 
of that group to the northward in its high crest* of the Shawan- 
gunk is cut off by the erosion of the Hudson valle}'. Tracing 
the group but a little way westward, it passes beneath ihe Upper 
Heidelberg in apparent conformity to the nearly horizontal Hud- 
son River rocks below and those which succeed it. Southward 
we trace this group of strata through Pennsylvania, Maryland and 
Virginia to Tennessee, where its horizon is well marked. But not- 
withstanding this immense extent, from Gaspe to Tennessee it 
rarely extends more than a hundred miles to the westward of the 
Hudson valley in New York though having a greater width to the 
southwest. It therefore presents a belt of fossiliferous beds of 
about fifteen hundred miles in length from northeast to southwest. 
Here then we have the entire area of the west and northwest, as 
far as we know (with the exception of a very small area in Illi- 
nois and Missouri), entirely destitute of this formation or of any 
representative of it in the series. Was this vast area a deep sea 
or dry land? If a deep sea, we should expect to find the fine 
sediments of the shoreward formations drifted out into it to some 
extent ; but these we nowhere find. In a few instances we have 
seen the lower beds apparently water- worn and broadly furrowed, 
as if exposed to Rhore currents or even to littoral action, but of 
these conditions we have too little knowledge to speculate. But 
it still appears to 'me that we must admit the conclusion that at 
this period a large proportion of the area on the northwest of the 
line I have indicated must have been above water. 

Thus while the trend of the limestones of the Niagara and the 
two succeeding calcareous groups has a general east and west di- 
rection, this limestone of the Lower Helderberg has a northeast and 
southwest trend. While the Lower Helderberg limestones by their 
fossil relations are Upper Silurian and intimately related to those 
below, the trend of greatest accumulation of the two is nearly at 
right angles. 

The line of deposit of the Oriskany sandstone and Caudagalli 
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grit was coincident with that of the preceding limestone deposit 
and overlies it. The sandstone, indeed, stretched somewhat far- 
ther to the west and lay beyond the edges of the limestone up- 
on the upper members of the Onondaga salt group ; still the same 
area is occupied, and the line that admitted of the formation of 
coral-reefs in the Lower Helderberg period has become again, as in 
the period of the Hudson river group, the line of currents and of 
sedimentary deposits. This sandstone formation which in Gaspe 
is more than one thousand feet thick, and in Pennsylvania according 
to Professor Rogers, seven hundred feet thick, soon thins out to the 
westward. In the Helderberg mountains it has a thickness of not 
more than thirty feet, and often less than three feet, while farther 
west in central New York it occurs in a few isolated patches of a few 
feet in extent and less thickness, filling some small depressions in 
the upper beds of the Onondaga salt group. Here we have appar- 
ently again returned to the conditions of northeast and southwest 
accumulation of sediments deposited in the line of the Appalachian 
chain. 

TheOriskany sandstone is the period in which acknowledged t}^pes 
of Devonian fossils are introduced. It lies parallel to the preceding 
Upper Silurian limestones and at right angles to the great mass of 
the succeeding fossiliferous Devonian beds. These types which 
were introduced in the period of a sedimentary rock which was 
deposited along a line from northeast to southwest, and cut off from 
the succeeding group by a non-fossiliferous belt (the Caudagalli 
grit), nevertheless appear and flourish in the next formation whose 
trend is nearly at right angles to the preceding, and the vital mani- 
festations go on irrespective of the change in the physical condi- 
tions. 

Succeeding the period which I have just described, where the 
sediments have a northeast and southwest direction, we have to 
contemplate a calcareous formation whose known trend along the 
line of outcrop is nearly east and west, stretching from the Hudson 
valley through New York and Canada West, thence across Mich- 
igan, Indiana and Illinois, to the Mississippi river and into Iowa, 
having an outcrop parallel and apparently conformable in posi- 
tion to the rocks of the Niagara, Gait [Guelph] and Onondaga 
salt group. The belt of formations just noticed as the Lower Hel- 
derberg limestone, the Oriskany sandstone and Caudagalli grit is 
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an important one along the eastern outcrop, but in the west these 
formations are entirely absent, and what is more remarkable, their 
absence is not noticeable, and for all we can determine on the 
ground, the sequence is as perfect in the west as at any point in 
our palaeozoic area. 

The calcareous beds before alluded to, including the Schoharie 
grit, constitute the Upper Helderberg group. The Schoharie grit 
has very little western extension, but is known for at least two 
hundred miles in a southwest direction. The limestones of this 
group mark a line of terrace from the Hudson river westward 
throughout New York, and present one of the best marked and 
most extensive physical features of the entire state. It is true 
the attenuate easterly margin of this group may be traced from the 
Hudson valley to Tennessee, and the same is true of the Niagara 
and Onondaga salt groups, though the line of greatest force is 
from east to west, and the whole series presents but a meagre 
thickness in Tennessee. 

Pursuing our investigations southward from this limestone ter- 
* race, we find in eastern New York and in Pennsylvania, first : a 
series of shales and shaly sandstones ; then we have a series of sand- 
stones and shaly beds ; and above these, shales and sandstones 
all of which may with little difficulty be included in one group as 
has been done in the geological survey of the latter state. But in 
central and western New York we find the lower part of the series 
becoming more shaly, and finally more calcareous,, so that in the 
western half of the state it is a group of calcareous shales with 
beds of limestone known as the Hamilton group, and containing a 
set of fossils peculiar to itself. 

The central portion of the mass becomes better defined as a 
series of shales and flagstones, with some heavy beds of sandstone 
which are well marked, though nearly destitute of fossils. This 
group of strata has received the name of the Portage group. 

At the same time the third member has become defined as a set 
of shales and shaly sandstones with a peculiar assemblage of 
fossils, and has received the name of Chemung group. 

When we follow these successive groups of strata to the west- 
ward we find them gradually thinning out. The Hamilton group 
traced through Canada West, Michigan and Illinois to the Missis- 
sippi, there presents a thickness of some fifty or sixty feet, while 
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in eastern New York it is scarcely less than fifteen hundred feet, 
and is a thousand feet thick in the central part of the state. The 
Portage group, which in its defined limits in central and western 
New York has a thickness of one thousand feet or more, is scarcely 
represented in the Mississippi valley. 

The Chemung group, to which in New York I would not attribute 
a thickness of less than twelve or fifteen hundred feet, is often rep- 
resented in the Mississippi valley by some thirty to fifty feet, and 
sometimes by one or two hundred feet of shaly sandstone and 
beds of limestone. These formations together in Pennsylvania 
have a thickness, according to Professor Rogers, of five thousand 
feet to the southwest. 

Now regarding the formations in this aspect only, we should 
conclude that here were transverse currents carrying materials from 
the east to the west, and this conclusion was reached before we knew 
anything of the structure of the New England mountain series, 
and before we understood as we now do the geology of the north- 
east. The researches of Sir William E. Logan on the peninsula 
of Gaspe have shown that the equivalents, and in fact the contin- 
uation of these groups, as a part of the Devonian system, have an 
enormous development in an unaltered state, and in the condition 
of coarse sediments of at least seven thousand feet in thickness 
and with a southwesterly trend. 

If we follow the line of trend we are taken along the direction 
of the White mountains, thence into Massachusetts and New 
York, where we are taught that higher metamorphic sediments 
overlie authentic Lower Silurian, until we find that the unaltered 
and undisturbed Hamilton, Portage and Chemung groups of New 
York are but the prolongation of the Gaspe sediments which have 
become folded and metamorphosed in the region of the White 
mountains, but which reappear on the west in their unaltered con- 
dition and highly fossiliferous character as soon as out of reach 
of this disorganizing action of metamorphism. 

Instead, therefore, of finding here any neiv force or diverse 
transporting currents, we have simply a return of the great trans- 
porting agencies of the Hudson river period, from the same 
source apparently in the northeast, and prolonged in the same 
direction to the southwest, parallel and coextensive with the 
Appalachian chain. The finer materials were spread laterally 
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through the more quiet ocean, till they nearly disappear by thin- 
ning out in the Mississippi valley. You will see, gentlemen, with 
what an enormous amount of sedimentary deposits I am loading the 
eastern side of the future incipient continent, an amount too great 
perhaps for credibility, but I have not yet done. From the same 
source and in the same direction has come the vast amount of 
sediment forming the Catskill mountain group, with the capping 
conglomerate, having a thickness of more than three thousand 
feet in New York and six thousand in Pennsj-lvania, while the 
group has entirely thinned out before reaching the western limits 
of the state, and no vestige is known of it in the Mississippi 
valley. 

Bej T ond this are, according to Professor Rogers, three thousand 
feet of red shale at the base of the coal measures and extending 
parallel to the Appalachian chain. The origin of this shale has not 
been satisfactorily traced in the northeast, but there is no diffi- 
culty in finding a source for this and other sedimentaiy deposits 
of the Coal Measures, and an evidence of the same transporting 
force in the fourteen thousand feet of Lower Coal Measures found 
by Sir William E. Logan to exist in New Brunswick. 

Now, gentlemen, I am satisfied I have wearied your patience 
too much in these details, but I could not present a simple con- 
clusion without first giving 3*011 the data in full. 

I have shown you incidentally, as we progressed, that the Hud- 
son river group became disturbed, folded and upturned before the 
deposition of the Niagara, and still more before the deposition of 
the Lower Helderberg group which has its trend parallel to this 
great belt of formation, and which lies upon the upturned edges of 
the Hudson river group, from Gaspe to the Highlands of the Hud- 
son. 

Indeed, I believe the origin of the coarse materials of the Medina 
and Clinton groups may be due to disturbances among the preex- 
isting beds of the Hudson river group, and probably derived from 
the breaking up of the conglomerates of this group in its northern 
prolongation. Sir William E. Logan has likewise proved that with 
the commencement of the foldings and plications of these lower 
strata commenced the metamorphism of the same. And here I can- 
not forbear from alluding for a moment to the views of Mr. Hunt 
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upon met amor phi 8m. Laying aside all assumption of causes 
not known to exist, and ignoring the supposed effects of that 
imaginary nucleus, he has proceeded, from known and demon- 
strated facts derived from existing conditions, to explain most 
satisfactorily certain processes in metamorphism ; and, instead of 
appealing to an unknown source for the ingredients of certain 
metamorphic strata, he has demonstrated the existence of the same 
elements in the unaltered beds which are known to be of the same 
age and prolongations of the sarrie strata. 

The system of folding and plication therefore, which has been 
attributed to later violent action, has been going on from the com- 
mencement of the Upper Silurian, and though its later phases in- 
clude the Coal Measures, it has nevertheless been produced by con- 
tinued action from a long anterior period. Nor has it ceased with 
the coal, but I believe has been continued in a less degree since 
the deposition of the sandstone of the Connecticut valley. But 
even for one moment admitting the supposition that these fold- 
ings and contortions have been for the greater part produced at a 
single period, let us inquire whether this has had anything to do 
with the production of the mountain chain, or whether this sys- 
tem of mountain-making by upheaval, overturning, etc., is a sys- 
tem of mountain-making, and whether rhetorical eloquence has 
not made us believe the language without testing the facts. I must 
assert that it has nothing at all to do with it — that so far at least 
as regards our mountain chains, the principle in its application is 
false. 

You have seen how, age after age, by the simplest of all proc- 
esses, the immense sedimentary deposits have been transported 
and distributed along the line of our great eastern mountain 
chains ; and with the accumulation of sediments this line was de- 
pressed time after time, as new deposits were piled upon it ; and 
now at the end of the Devonian period, or at the end of the Coal 
period, has the whole continent been raised to its present ele- 
vation. If there were no folding or contortion, and if the strata of 
the Alleghany mountains were as undisturbed as those of the 
great plateau of the west, what would have been the result? 
Simply that, instead of the Appalachian mountains of six or seven 
thousand feet in height, you would have had a simple stratified 
pile of more than twenty thousand feet from the base of the 
Potsdam to the summit of the Devonian. 
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But have folding and partial upheaval along mountain chains 
nothing to do with the grand elevation ? I reply, nothing at all ; 
but, on the contrary, every one of these disturbances lessens the 
effect and degrades the elevation. It is original deposition that 

• 

not only gives direction to our mountain chains, but amount of 
deposition that determines their elevation ; or, if you will reduce 
it to the simplest terms, we may state that elevation is due to 
deposition, and there can be no great degree of elevation without 
a corresponding amount of previous deposition of sediments. 

Now I conceive this to be the simplest system of mountain- 
making that can be proposed, and it can be shown to be appli- 
cable not only to the Appalachian chain, but to other mountain 
ranges of our continent. 

Let us see, moreover, whether the same simple principle, some- 
what extended, may not be applied to continent-making. We 
admit that the Appalachian chain has given mainly the eastern out- 
line to our continent, and that original deposition has given origin 
to this mountain chain. The currents of the palaeozoic ocean have 
determined the directions of these sediments, and consequently of 
the mountain ranges and the outlines of the continents. 

A series of strata similarly deposited by an ocean current, but 
nearly at right angles, mark the western outline of our continent ; 
and though modified by subsequent depositions, they are never- 
theless fundamentally of like origin, due to the same causes, 
giving origin to a mountain chain and the outline of a continent. 

Now, if we extend our observation to the Mississippi valley, a 
thousand miles to the west, where we have essentially the same set 
of strata as those forming the Appalachians, we find no mountain 
ranges. I shall be told that it is because there are no upheavals, 
but this is not known to be true. Several axes and extensive faults 
cross the valley of the Mississippi nearly at right angles to the 
Appalachian chain, elevating all the strata from Lower Silurian to 
Devonian. Nevertheless, though the strata are elevated from ten 
to thirty degrees, they produce scarcely a perceptible feature in 
the prairie country. 

Uplifting has riot produced elevation, but has rendered the strata 

# 

liable to degradation, by breaking or weakening them along the line 
of fracture or folding. I have already shown that the groups of 
sedimentary strata composing the Appalachian chain have thinned 
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out to a few hundred feet at most on the Mississippi and there 
are consequently no materials of which to make mountains in the 
great Mississippi plateau. The general height of the country 
gives the entire elevation produced by the thickness of the beds, 
and there can be no more. We could have no mountain chains 
along a great plateau like this, however much the strata may be 
folded and contorted, unless there should take place a dislocation 
of the older Lauren tian or Iluronian rocks from below ; and al- 
though such a phenomenon would be in accordance with geologic 
theories, respecting the upheaval of mountain chains, yet I sus- 
pect that careful search would prove that no such upheaved chain 
of mountains exists upon the surface of the globe. In fact, that 
the upheaval of mountain chains, except in the sense that the ele- 
vation of a continent is upheaved, has never taken place. In this 
connection let me offer an example in point in support of what I 
have said. It has been stated that the White mountains are com- 
posed of accumulations of sedimentary deposits of Silurian and 
Devonian age, having altogether in their undisturbed condition, a 
thickness of from fifteen to thirtj r or forty thousand feet (or more, 
if I follow authority), while at the same time the White mountain 
chain little exceeds six thousand and the Green mountains not 
more than four thousand feet in height. Now in tracing. this 
mountain chain to the southward, we observe, on the west side of 
the Hudson river above the Highlands (which are produced by 
an area of older rocks), the Catskill mountains reaching an 
elevation of about four thousand feet, and stretching away to the 
westward in gradually declining isolated hills. These have been 
regarded as part of the Appalachian chain but they have nothing 
to do with it so far as being involved in the disturbance of the 
strata. They stand alone as an isolated group, of which the nearly 
horizontal pile of strata gives this great elevation. The disturbed 
Hudson River group makes one or two hundred feet of their base. 
Deposition has here given elevation without loss or degradation by 
any of those foldings and plications which are supposed to lie at 
the foundation of mountain-making. Had the strata of the Green 
mountains and White mountains remained undisturbed, and in the 
original condition of deposition, they would have overtopped the 
Catskills by several thousand feet. 
Original deposition, then, directed by ancient currents, has un- 
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questionably determined the direction and elevation of our moun- 
tain chains. 

The time on this occasion will not allow me to extend the ap- 
plication of the same principle in unravelling and explaining com- 
plexities, that may often occur — when,during the depression of 
a continent or of a portion of it which may afterwards form a 
mountain chain, transverse or diagonal, currents ma}' cause such 
an amount of deposition as to produce a great complexity of 
structure, when the continent shall become elevated. 

The simplicity of the North American continent is due to the orig- 
inating causes producing the direction of the palaeozoic currents ; 
while a large part of the eastern side has not been subsequently 
submerged, to any great degree, and has thus escaped the causes of 
complexity. The wide extent of later deposits in the interior of our 
continent, which give contour to that portion, was in a great de- 
gree paralleled with the eastern deposits. The forces which we 
say have rent the eastern, the central and the western, are merely 
the vast accumulations of material which become elevated, per- 
haps simply from the great accumulation, thus rendering the es- 
cape of heat from the interior slow or impossible. And in this 
statement, it must not be forgotten, that the central portion of 
our continent, and some parts of the western portion, were not 
continental, but submerged areas, till after the Cretaceous period, 
and to some extent also, as late as the Tertiary period ; and if 
these have greater elevation it is due to greater deposition. 

Although it is not necessary to introduce the Coal Measure de- 
posits into the Appalachian system foi;the purposes of explaining 
their elevation, they are nevertheless complicated with it, in a great 
degree. But all the phenomena, so far as regards folding and pli- 
cation, and the production of the northern mountains as well 
as a large part of the Appalachian S3 T stem, do not include the 
Coal Measures in the elevation. On this account I would call 
your attention to some facts connected with the deposition of 
the coal formation in the United States. But before proceeding 
to do so, I must dwell for a moment on the Carboniferous lime- 
stones, or those great calcareous formations which, in the valley of 
the Mississippi and the southwest, lie beneath the Coal Measures. 

In tracing the origin of our sedimentary formations from the 
northeast, we do not find any cessation from the beginning of that 
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period called Devonian till we come to the Coal Measures. Tbe 
whole country in this direction would seem to have been submerged, 
and the course of these ancient currents to have continued with 
little interruption. 

In the Hamilton, Portage and Chemung groups, we first find 
land plants and these remains increase towards the northeast, 
while they are rarely or never known in these formations to the 
west of the limits of New York. In Canada, however, similar 
plants are known, and the account of a specimen in the collec- 
tions of the Survey, published by Mr. Dawson, shows that dry 
land may have been near, and we have every reason to believe that 
dry land capable of producing vegetation did first appear in that 
direction and in the early Devonian period. While in the east, the 
Catskill mountain rocks, and the red shale beneath the anthracite 
Coal Measures, were being deposited, we have in the west no rep- 
resentatives of those rocks ; the Carboniferous limestones begin- 
ning their deposition directly upon the Chemung group. 

The condition of the ocean in the west during these periods 
is worthy of attention. Upon the cessation of the sediments of 
the Chemung group, commences a limestone formation of great 
extent, and marked by numerous species of fossils. By a well-de- 
fined line, this lower limestone is separated from a succeeding one, 
marked by a wholly distinct set of fossils,; while its greatest de- 
velopment lies to the south of the area of greatest development of 
the first. In the same manner a third, less strongly defined ; and 
with an intermediate sandstone formation, still another limestone 
succeeds, and this with its northern limit far below or to the south 
of the first and second, and its greatest development is to the 
southward of the preceding members. 

Now the simple explanation of this seems to be that the sea, in 
which limestone deposits could be made, was contracting on the 
north and gradually extending to the south and southwest, while 
we have evidence to prove that much dry land existed to the north, — 
evidence which I shall presently attempt to show. This fact of 
the gradual expansion of the ocean to the southwest, and its con- 
traction on the north, is significant when taken in connection with 
the succeeding formation of the Coal Measures ; for which reason 
I introduce here the notice of these facts. 

It might appear unnecessary while so much has been written, 
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and so well written, upon the subject of the Coal Measures of the 
United States, to offer anything in this place, but I believe I can 
present one or two points of interest in this connection. 

I have already called your attention to the fact, that the sedi- 
mentary materials of the coal formation have their greatest expan- 
sion to the northeast, and that we find the earliest record of land 
plants in that direction. The Coal Measures, as a whole, though 
widely expanded, show a gradual thinning-out to the west and 
southwest, and in Iowa and Missouri have become greatiy atten- 
uated as compared with the same formations in Pennsylvania, 
Ohio and Kentucky. 

I have just now reverted to the fact that on the north and west, 
we have evidence of dry land, or of land raised above the sea pre- 
vious to the deposition of the coal. While in Pennsylvania, Ohio, 
etc., the Coal Measures apparently rest conformably upon the 
strata below them, in Iowa and Missouri they rest unconform- 
ably upon the rocks below. While the prevailing dip of the older 
rocks is to the southward, there are nevertheless numerous faults 
and axes which uplift the strata in a direction from N. W. to S. E. 
or at right angles to the Appalachian chain. 

In the west these ancient rocks of Lower and Upper Silurian 
and of Devonian age have, previous to the deposition of the coal, 
presented numerous inequalities of surface, partially due to the 
broken strata produced by elevations and faults, and partially 
by subsequent denuding action. 

In Illinois, Iowa and Missouri we find the Coal Measures spread 
horizontally over the uplifted edges of these older strata, some- 
times barely filling the depressions and inequalities of original 
surface, giving origin to numerous little circumscribed basins, 
oTten of only a few yards in extent. And not only do we have the 
evidence of ancient worn and unequal surfaces of this ancient land, 
but we find the sand mud, and carbonaceous matter often filling 
fissures, and penetrating into ancient caverns, which must have 
been worn while these older strata were near to or above the level 
of the sea. The wearing down of the crests of low axes, and the 
broken margins of faults, prove the existence, of a powerful erod- 
ing action, and as we know that at this period the sea was 
gradually retreating to the southward and the land rising on the 
north, the motion of the abraded materials would be in the same 
direction. 
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There are other phenomena connected with the coal period, 
which are of much interest. In Pennsylvania and Ohio, we 
observe several intercalated bands of calcareous shale or ar- 
gillaceous limestone, charged with marine fossils, thus indica- 
ting that the area of the Coal Measures was sometimes depressed 
beneath the sea. These bands of limestone with marine fos- 
sils are known in the Coal Measures of Ohio, Illinois, Iowa and 
Missouri. The limestone of this period in Missouri has been usu- 
ally referred to the Carboniferous limestone, not recognizing 
these beds as distinct from those below the coal ; and it was not 
until the publication of the Missouri Report that Professor Swallow 
clearly indicated the position of the beds on the Missouri River as 
a part of the true Coal Measures. 

In the meantime and for many successive 3 T ears, fossils of 
Carboniferous age had been found in the far west along the 
Rockv Mountain range from as far north as Fort Laramie and 
the Great Salt lake, by Capt. Stansbury, and at numerous 
intermediate points by the Pacific Railroad Surveys and other 
United States explorations, and on the Southern Boundary line 
and in New Mexico by the Boundary Commission. Dr. Roerner also 
had discovered some fossils from the Carboniferous limestone in 
Texas. We had therefore a knowledge of the vast extent of a 
limestone along the Rocky Mountain range from latitude 43° north, 
to about 30° south, containing fossils referred to Carboniferous 
age, and the rock was almost by common consent referred to the 
age of the true carboniferous limestone and has been cited as 
Lower Carboniferous limestone. 

Having had occasion during the two preceding years to give 
some attention to the rocks of Carboniferous age, and more par- 
ticularly during the past 3'ear to a comparison of the fossils, I was 
surprised to find that some of these southwestern species were 
identical with those from the well-developed carboniferous lime- 
stone in the Mississippi valley, Iowa, Illinois and Missouri to Ala- 
bama. Furthermore a careful comparison of species collected by 
myself many 3'ears since from the limestones of the Ohio coal 
measures, with others collected by Mr. Nicollet, Capt. Stansbury 
and by Messrs. Meek and Hayden from the limestones of the 
Missouri river, showed a most positive identity of species. A far- 
ther comparison of all these with the carboniferous fossils from 
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some of the Pacific Railroad Surveys and those of the Boundary 
Survej r proved such positive identity of species as left no doubt 
that all the limestones of the southwest, that is, in the approaches 
to the Rocky Mountains and bejond them, are of the age of the 
coal measures. A later comparison of the collections of Marietta 
College has enabled me to demonstrate the identit} r of several of 
the species described by Dr. Hildreth with those of the southwest, 
and it may be unnecessary to add that these are Coal Measure 
fossils. 

These limestones, then, of the southwest, spreading over an area 
many times as large as all the Coal Measures of the remainder of 
the United States, are the greater development of those thin bands 
of limestone with marine fossils that mark certain lines in the Coal 
Measures of Ohio, etc. These bands of limestone, from insignifi- 
cant beds of a few feet in thickness, have extended to several 
thousand feet in thickness and mark great lines of mountain ranges, 
and, tying often nearly horizontal or dipping at various low angles, 
present vast cliffs along mountain passes towering thousands of 
feet above the plain below. And these, gentlemen, are lime- 
stones of the Coal Measures, while the productive Coal Measures 
are unknown over this vast region. With what propriety, then, can 
we say that the coal period is preeminently the period of vegeta- 
tion, as is done to sustain a theory that it marks one day in the 
creation of the world, or to sustain another view that coal vegeta- 
tion gives the character to the entire palaeozoic series? 

I regret, gentlemen, that I cannot bring you some very brilliant 
theoretical result from all these data ; but the very simple ex- 
planation of all is, as I have shown you step by step, that the north- 
easterly portion of our continent was either already dry land, or 
was just rising from beneath the water at this period ; that as low 
ground just emerging from the ocean, and at intervals deluged with 
sand and mud and lying little above the water level, it sustained a 
luxuriant growth of vegetation ; while the gradually retreating 
ocean still spread over by far the largest proportion of the continent 
on the west and southwest. The accumulated reefs of limestone, 
three thousand feet in thickness, attest the long period of quiet, and 
freedom from irruptions of sedimentary matter upon these regions. 
At intervals the unstable position of the newly made dry land per- 
mitted the incursions of this southwestern ocean, in a shallow ex- 
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pansion over the great Coal Measure area, onty to return again, 
upon the gradual elevation of the surface, and thus once more 
to become a low land fitted for the production of plants. 

This subject followed out promises us some of the most interest- 
ing and beautiful results, and will show us how the librations of 
the surface have been connected with the destruction and repro- 
duction of the successive floras of the coal period. 

There are numerous interesting' generalizations arising legiti- 
mately from the facts I have brought before you, but of which time 
will not permit a notice. In no direction, however, more intimately 
than in that of palaeontology, do these facts and physical deductions 
point to interesting and important conclusions. There is one fact, 
which in this connection I cannot omit, in regard to the fossils in 
these intercalated beds of limestone in the Coal Measures, and 
this is — that they are species of the same genera and many of 
them of allied forms to those characteristic of the limestones 
below the Coal Measures, or of the Devonian and Silurian lime- 
stones ; showing conclusively that the condition of the ocean did 
not essentially vary through this long period, and the only differ- 
ence between the coal period and that of the preceding was that 
there was a larger area of dry land giving origin to the great growth 
of vegetation of that period. Moreover, the large area of this 
ocean formation, characterized by a marine fauna of the same 
period, compared with the relatively small extent of the areas of 
carbonaceous matter and terrestrial vegetation, shows that so far 
from being essential, they are rather incidental conditions of the 
Carboniferous period. 

CONCLUSION. 

In the progress of the earth from the beginning of animal life 
to the present time, we are but watching the progress of an ocean 
bed to its final development as a continent, — and for the most 
part, every step has been one of progress towards the present con- 
dition. Whenever any portion of this ocean bed has been raised 
above the surrounding sea, land plants have taken possession 
of that portion. If it has remained long enough above the surface, 
land animals have become its denizens. As a matter of course, 
the higher land animals did not first appear, for even now, simi- 



BY JAMES HALL. G3 

larly situated lands do not sustain the higher organizations. 
The occurrence of mammalia in the Jurassic period is no more 
irrelevant to that period, than the occurrence of plants in the coal 
period. It is a fact perfectly in accordance with all the rest of bur 
legitimate information, that the organic conditions have always 
been coincident with the physical conditions. 

Geology, if we would let alone grand theorizing, is a simple 
and beautiful study, in which we see everything evolved naturally 
and harmoniously, without at any time great and sudden changes. 
We remark those changes as one who having viewed a city in its 
progress, should fall asleep for a century and afterwards behold 
the difference. But to one who could have seen stone laid upon 
stone, and each edifice completed singly, it would have had but 
the aspect of natural and quiet progress. 



NOTES. 

Page 37. The gneiss cited as Laurentian and containing bowlders of 
preexisting gneiss I have seen in the region of Lake Superior, and they 
were referred to the Laurentian age on the authority of Sir W. E. Logan. 
I am informed by Dr. T. Sterry Hunt that these masses are of Huronian 
age and carry boulders of stratified Laurentian gneiss. Although this 
shows that we have carried back the stratified gneiss only to the Laurentian 
period, it proves nothing in favor of a granitic nucleus nor of extruded 
granites of igneous origin. 

Page 41. A comparatively quiet condition, during a large portion of 
the period of its accumulation, is indicated by the uniform fine-grained 
character of the quartzose sand, which extends over large areas. The 
tracks of Crustaceans, found by Sir William E. Logan upon certain surfaces 
of this rock in Canada, appear to have been at about the same level along 
the strike of the formation for 400 miles. The deposit was evidently made 
in shallow water, and from the mark of a wind-ripple found upon the sur- 
face in connection with these tracks at one locality, it is evident that the 
sand had been laid bare at the ebb of tide. 

The formation in Canada has a thickness of from 70 to 600 feet, and an 
extent of a thousand miles flanking the Laurentides from Bellisle to its 
extreme southwestern extension in the Province. "The hills, at no very 
great distance from the outcrop of the Potsdam formation, rise to heights 
varying from 500 to 4000 feet ; and while the sand at their base lay between 
the ebb and flood tide, the flank of the Laurentian mountains must have 
formed the coast of the Lower Silurian sea. As has already been stated, 
these hills extend from Labrador to the Arctic Ocean, and we can thus 
trace out the ancient limit of the ocean for 3500 miles." 

This formation extends southward through New York, Pennsylvania, 
Virginia, and notably through Tennessee, and occurs flanking the older 
metamorphic rocks in Texas. The formation is extensively developed in 
the States bordering the upper Mississippi and in the upper Lake Region. 
It likewise constitutes an important feature in the Geology of the Black Hills 
country. 

The character and thickness of the formation in New York, along the 
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eastern flank of the Adirondacks, is similar to that existing in Canada. In 
the Mohawk Vallej- at the southern extremity of the Laurentian gneiss it 
is often scarcely recognizable, and never attains more than a few feet in 
thickness in any of the exposures. In Pennsylvania the maximum thick- 
ness of the formation is from 2500 to 3000 feet, while in some localities its 
thickness does not exceed twenty-five feet: — this variation being due, in 
some degree at least, to the original inequalities of the sea bottom. 

In Tennessee, according to Professor Safford, the Potsdam group has a 
thickness of more than 20,000 feet; but this includes the conglomerates 
below and the magnesian limestones above. 

The source of the Sandstone flanking the Adirondacks has been attr ; b- 
uted to the subjacent Laurentian gneiss, and it has been suggested that 
long continued trituration has broken up and separated the mica, horn- 
blende, etc., which have* been floated away, leaving only the siliceous 
grains to form the great deposit. It may, however, be questioned whether 
the gneiss has been the chief source of material. In the great conglom- 
erate or breccia (for the fragments are mostly angular), at the base of 
the Potsdam on the southeastern flank of the Adirondacks, the fragments 
of gneiss are few and small, and the greenish material, which may have 
been derived from the mica and hornblende, is in small proportion. B/ 
far the largest constituent of the mass is of quartzite, corresponding with 
a similar material found in many places lying upon the gneiss, and" 
sometimes referred to the Potsdam, while in some localities it appears to 
have more intimate relations with the gneiss below. 

Fragments of feldspar are sometimes found embedded in this conglom- 
erate, and, in the more interior localities, a larger proportion of fragments is 
evidently derived from the underlying gneiss rock. In Tennessee, Profes- 
sor Safford represents the lower portions as " coarse gray conglomerates, 
talcose, chlorite and clay slates, repeatedly interstratified, all having a semi- 
metamorphic aspect." But it should be recollected that the adjacent 
metamorphic rocks maybe of newer age than the Laurentian. Again "the 
pebbles are quartz and feldspar mainly, generally rounded, but sometimes 
more or less angular." The conglomerate "usually contains more or less 
chloritic and talcose matter in its interstices." 

Along lines of the most active erosion, no large deposits are made, and 
those which are made are of a coarse character ; the great accumulation is 
just outside of the limits of the most active forces. 

The underlying conglomerate or breccia is widely disseminated, having 
a greater thickness at the south (in Tennessee) than in the north. This 
may be accounted for by the gradual subsidence of the entire continent, 
or the eastern portion thereof. The deposition of sediments apparently 
began at the south, coincident with the subsidence, and there was a recur- 
rence of similar conditions during the whole period of depression, so that 
at the base we have a conglomerate which is followed by a sandstone ; and 
in Tennessee, where the subsidence was greatest and farthest removed 
from the final source of sediments, we have the greatest thickness, and 
the uppermost beds are shales, indicating deep water and distant source of 
material. 

In the original nomenclature the term Potsdam sandstone included con- 
glomerates and quartzites resting on the Laurentian gneiss, with the sand- 
stones above these, to the base of the calciferous sandstone (magnesian 
limestone). It has been found, however, in some localities, that there is a 
gradual passage from the Potsdam to the calciferous ; and above the latter 
a repetition of the previous conditions in the deposition of a fine grained 
sandstone in the northwest known as the St. Peter's sandstone; while in 
Missouri there are several alternations of sandstone and magnesian lime- 
stone, showing that similar conditions were recurrent to the close of the 
series. 

It seems pretty clear, therefore, that while the magnesian limestone was 
being deposited in mid-ocean there may have been a deposition of sili ;eous 
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sand along the coast line or littoral zone, giving a continuous series of 
sand 6 tone layers, or, as sometimes occurs, with thin calcareous interlami- 
nations. We can conceive it possible that the Potsdam fauna may have 
lingered along the shore lines, even after the close of the deposition of the 
magnesian limestone. 

In Tennessee, Professor Safford includes all these in the Potsdam group, 
recognizing three divisions; the lower division of conglomerates and 
slates ; the middle, the Chilhowe sandstone, with intercalated beds of dolo- 
• litp; the upper including the Knox shale and the Knox dolomite which 
Jqs-es the series. The whole constitutes a series of deposits most naturally 
grouped together, as belonging to a single geological period, and they are 
represented as conformable throughout, and are equally involved in the 
later movements which have folded and plicated the mass as shown in the 
mountain exposures. The series, wherever of cc nsiderable thickness and 
exposure, is susceptible of subdivision, and Dr. Owen suggested a triple 
division of the mass below the magnesian limestone in the upper Missis- 
sippi Valley, while a different subdivision is applicable to Missouri. Thus 
*■& j no one has successfully attempted the correlation of the subdivisions 
re/jognized in different parts of the country. 

The relations of the fossiliferous beds at Troy, N.Y./ referred to the 
lower Potsdam, have never been satisfactorily determined. It is a matter 
of mere conjecture. The fossils are from calcareous masses embedded in 
slates whose age and relations are unknown and which in fact cannot now 
be separated from those of the adjacent Hudson River group. Therefore it 
is unsafe to attempt to correlate, with these beds, strata in other por- 
tions of the country. „ . 

(3) Page 42. The northeastern source of the mechanical sediments has 
been questioned by several writers. The greater thickness of many of the 
formations in Pennsylvania, than to the northward, has induced Professor 
Lesley to infer that the source of sediments has been in the southeast, 
instead of the northeast as I have suggested. By northeast I would be 
understood to mean northeast of the centre of the Appalachian chain. 
The rapid attenuation of all the sedimentary deposits above the Potsdam, 
to the south of Maryland, and the increasing proportions of the calcareous 
formations in the same direction, seem to me to indicate that the great 
source of sedimentary deposits was to the north and northeast. In the 
southwestern continuation of the Hudson River group we find it passing 
gradually into calcareous material. Taking the entire series from the 
base of the Hamilton to the top of the Catskill, including the upper 
member or Pocono sandstone, embracing altogether a thickness of more 
than 10,000 feet, we find the whole represented in Tennessee by a few 
hundred feet of strata. At the north the strata of the Hudson River, 
Medina, Clinton, Hamilton, Portage and Chemung groups are largely 
arenaceous ; while in the south the corresponding formations except the 
upper ones are mostly calcareous. Had the source of the sediments been 
from the south, we should have to assume that the coarse deposits were 
made at a great distance from this source and that they were transported 
across a large area which now preserves only the evidence of gentle forces 
and open sea accumulation. It would seem, therefore, that this proposition 
is neither necessary nor satisfactory, and that the source of sediments was 
probably from the north or northeast. 

Pages 44, 45. In 1857 tne Canadian Survey had recognized the entire 
belt of slates, sandstones and conglomerates on. the southeast side of the 
St. Lawrence, including also a considerable proportion of the metamorphic 
rocks farther to the eastward, as of the Hudson River age, and the subject 
was thus treated in the address.* . Subsequent investigations proved a large 
proportion of this area to be of older formation, but notwithstanding this 

* Prof. Rogers, and other geologists, had before this time recognized the metamorphic rocks of New 
England as of palaeozoic age. 
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fact, the reasoning regarding Anticosti and its relations still remains cor- 
rect The island is a mass of strata in which calcareous matter prevails to 
the exclusion of coarser sediments. 

Owing to the more northerly trend of the Laurentides from the Pt. de 
Monts, a wide space to the northeast has been occupied by the ancient 
palaeozoic ocean in which were deposited the several members of the series 
from the calciferous to the Niagara inclusive, in quiet succession. 

The intermediate space between Anticosti and the Mingan Islands on 
the north has been occupied by the upper part of the Birdseye and Black 
River limestones, and bv the Trenton limestone proper, the Utica slate 
and lower part of the Hudson River group ; the upper members of the latter, 
to nearly iooo feet in thickness, forming the northern shore of Anticosti. 
This gives to the lower formations, from their base to the top of the Hud- 
son River group, a thickness of more than 2600 feet. A large part of the 
island, however, is composed of the succeeding formations. The Anticosti 
group consists of representatives of the Medina, Clinton and Niagara 
groups, but these are everywhere calcareous, having a maximum thickness 
of nearly 1400 feet. 

The sequence of open sea deposits of this region, from the Trenton to 
the Niagara groups, has, therefore, apparently been more complete and less 
interrupted than at any other point within our knowledge. Unfortunately, 
the hiatus between the Mingan Islands and Anticosti leaves us without 
positive knowledge of the nature of the deposits in this interval. The 
coarser sediments of the Hudson River group, in its typical localities, occur 
in the upper part of the series, and since here we have the highsr portion 
of the group represented by nearly 1000 feet of calcareous beds, it is fair to 
infer that it may have been calcareous throughout. In its physical aspect 
as well as in its fossil contents, the Hudson River group at Anticosti is com- 
parable with the series of the same age in Ohio and Indiana, the northern 
part of Kentucky and in Tennessee. 

Crossing from Anticosti to the peninsula on the south side of the St. 
Lawrence, we find the Hudson River group represented in its finer and 
coarser sedimentary deposits as known in its typical localities, and here as 
well as at Montmorenci near Quebec and elsewhere, complicated with the 
older slates, sandstones, etc., of the Quebec group. From Gaspe*, there- 
fore, by. the south side of the St. Lawrence to Quebec, and thence to 
Montreal and by Lake Champlain and the Valley of the Hudson to the 
Highlands of New York and through New Jersey, and Pennsylvania to 
Virginia, we have this belt of sedimentary strata, usually more or less dis- 
turbed and complicated, and sometimes partially metamorphosed, but 
always well-marked and clearly distinguishable over an extent of outcrop 
of nearly 1500 miles. 

Page 46, Hf 3, 4. Of late the question has been raised regarding the un- 
conformability of the Niagara group and subsequent formations, to the 
rocks of the Hudson River group below, and consequently the date of the 
foldings and plications of the latter have been controverted by geological 
writers. The original idea of unconformability was maintained by Rogers 
and Mather of the N. Y. Geological Survey while Emmons in one case 
explains the apparent want of conformity as due to faulting, while he gives 
another section showing conformability. Sir W. E. Logan everywhere 
maintained the nonconformability of these formations. I have held this 
view from my own investigations, though expressing some doubt in a sin- 
gle instance, but I have np longer any hesitation in my own mind regard- 
ing the matter, for wherever there may be apparent conformability 'it can 
only be delusive. 

At St. Helen's island near Montreal, and elsewhere, the limestones of 
the Lower Helderberg rest unconformably upon the inclined and eroded 
edges of the Utica slate or other lower members of the Hudson River 
group, with an intervening conglomerate in which are found pebbles of 
Trenton limestone, Utica and Lorraine 6hales. The entire superficies 
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of the valley had been eroded previous to the deposition of this Lower 
Helderberg limestone. Numerous localities along the Hudson River 
valley present evidences of want of conformity between beds of the Hud- 
son River group and those of the succeeding formations. Those which 
have been chiefly cited are Rondout and Catskill or between these two 
places on the west side of the Hudson, and Becraft's mountain on the east 
side. The more conspicuous sections are near Rondout, but one of the 
most interesting occurs at Austin's Mill near Catskill. At this locality the 
general aspect of the section presents an appearance of conformability 
between the formations below and those above. A critical examination, 
of the line of contact, however, presents not only distinct discordance of 
the beds, but in one place the line of junction is marked by a thin stratum 
of grit with rounded pebbles separating the sandstone of the Hudson River 
group from some calcareous layers of the age of the Niagara group. This 
point is in the trough of a synclinal and the lines of stratification are essen- 
tially parallel. At another place in the same exposure near the edge of the 
synclinal are presented the upturned edges of the Hudson River sandstones 
and shales, succeeded by a thin band of grit and breccia; and upon this rests 
a soft magnesian limestone of the age of the Onondaga Salt group, suc- 
ceeded by the haydraulic limestone and members of the Lower Helderberg 
series. 

,• The apparent conformity in many cases is an illusion; for, although the 
successive beds may appear to be in accordance, so far as bedding is con- 
cerned, a more careful examination may show that the strike of the one 
crosses that of the other, as is seen in the exposure at Austin's Mill, where 
the divergence of strike between the Hudson River strata and super- 
imposed formations is at least thirty degrees at one point on the edge of 
the synclinal. 

It should be noted that in the greater number of junctions described, 
between the Lower Helderberg and Hudson River groups, the limestones 
of the former group are often found resting on the shales and slates which 
characterize the middle and lower members of the Hudson River series, 
while the upper arenaceous beds of the group are wanting. Nor would 
absolute contact and parallelism of beds in this case prove conformity of 
structure. It is quite impossible that complete conformity should exist 
between the beds of the Hudson River group and any portion of the 
Niagara or Onondaga group, in the absence of the entire series of the 
Medina sandstone marls and the shales of the Clinton group ; and when it is 
proposed to bring the members of the Lower Helderberg into parallelism 
with the Hudson River group, the absence of several thousand feet from the 
base of Medina to the top of the Salt group shows the impossibility of such 
conformity. Unfortunately, the absolute junction of the two formations 
has rarely been carefully sought — where a few inches of conglomerate or 
breccia may represent the interval between the close of the Hudson River 
and the beginning of the Helderberg period — an interval of thousands of 
feet in thickness and ages in time. 

The beginning of the disturbance was at the close of the Hudson River 
period and the great thickness and extent of the red marls of the Medina 
indicate that the deposit was not made in an open sea. A vast interval 
separates the Lower Helderberg from the Niagara. The whole Onondaga 
period with its marls, and dolomites of one or two thousand feet in thick- 
ness is interposed. The open sea was shut off and a region with salt lakes 
spread over the formations of the preceding ocean area for a thousand 
miles to the westward (as now evidenced in its salt and gypsum beds), 
while thinning out on the east. Over this eastern outcrop and far eastward 
swept the Lower Helderberg Sea, which laid down the limestones in the 
valley of the St. Lawrence, on thefla«ks of the Beloeil mountains, east of 
Montreal and from Gasp£* by Maine, New Hampshire and Vermont, and 
from New York to Tennessee. The break, shown by all these phenomena, 

* The limestone in Gasp^ is 2000 feet thick. 
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ending in the unconformable spread of Lower Helderberg, alike over the 
filled up Onondaga basins and uncovered Niagara and Hudson River groups 
in eastern New York; over eroded Utica slate in eastern Canada, and over 
older crystalline rocks from New England to Gaspe\ marks the first great 
geological revolution from Potsdam time. 

* Pages 49-51? The term trend of the formations was used to indicate, 
as far as known, the line of greatest accumulation or the line of transport 
of the material. Since this knowledge is derived from the outcrops, and 
much intermediate ground remains unexplored beneath superincumbent 
formations, it has been urged that the inferences may not always be tech- 
nically correct; but I do not conceive it probable that any erroneous con- 
clusions of importance are likely to result from such statements of the fact, 
— at least the actual outcrops furnish more reliable information than 
any system of hypothesis. 

The Oriskany sandstone, from Gaspe" to Virginia in its trend or line of 
greatest deposition, is essentially parallel to the Lower Helderberg. In 
New York it extends, as a marked formation, farther west than the Lower 
Helderberg, and is also found in Canada West. Both the Oriskany sand- 
stone and Lower Helderberg group are known in southwestern Illinois. 
The eastern extension of the Oriskany is overlaid by the Caudagalli and 
Schoharie grits. In central and western New York these formations are 
absent, and the Oriskany was exposed to eroding influences during the 
time of their deposition, and until the beginning of the deposition of the 
Corniferous limestone. Through the central and western part of New 
York the Oriskany sandstone is found filling scattered depressions of 
limited extent in the preceding formations. Sometimes the lower beds 
of the Upper Helderberg group contain rounded and angular fragments of 
this sandstone, showing conclusively that there was considerable erosion 
of the strata below, previous to the formation of the limestone. 

The sandstone is unknown (except as 6mall isolated patches or nodules, 
or as fragments embedded in the limestone above) between Seneca Lake, in 
central New York, and the Niagara River, and yet near Cayuga, in Ontario, 
after an interval of 200 miles, there are outliers of the rock yielding an 
abundance of the characteristic fossils of the formation. It is, therefore, 
fairly inferred that the absence of this rock in many places may be due to 
erosion, while the remaining evidences of its existence might readily be 
overlooked. 

Page 55. The Address has been facetiously criticised as proposing a 
system of mountain making with the mountains left out. The Address 
was not intended to propose any system of mountain making, but to show 
that mountain ranges were coincident with lines of great sedimentary 
accumulation. That this accumulation of sediments with its subsidence 
and consequent folding and plication, and the subsequent elevation of the 
mass and erosion of the anticlinals, had shaped the mountains; that no 
mountain elevations could take place where the sediments composing the 
area were thin; and that the mountain elevations were never equal to the 
vertical thickness of the 6trata composing them. I intended to imply that 
mountain elevation was due to sedimentary accumulation and subsequent 
continental elevation — trusting to the intelligence of my hearers and 
readers to interpret my suggestions. 

From various sources giving the thickness, I stated that the maximum 
of the palaeozoic sediments, entering into the formation of the Appalachian 
chain, was 40,000 feet. Perhaps it would be more prudent, as a basis of 
argument, to accept a medium and place the thickness at 25,000 feet (though 
the aggregate is much greater), out of which have come mountains of 
5000 feet in height. Jt may not be easy to account for the manner in 
which the enormous erosion has been accomplished, for this could not 
have taken place beneath the sea, and the most natural explanation is that 
the eastern part of the continent has at some subsequent time been greatly 
elevated to allow of such erosion. I did not pretend to offer any new 
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theory of elevation, nor to propound any principle as involved beyond 
"what had been suggested by Babbage and Herschel. I did not propose to 
discuss the theory of the contraction of the globe from cooling, or ©f the 
crumpling of the earth's crust from the gradual cooling and shrinking "of 
the interior mass, because such arguments are not always philosophical for 
want of a basis in facts, and are always unsatisfactory as giving a very inad- 
equate solution of the problem. This question cannot be properly dis- 
cussed in a note. 

I am satisfied that a region where the ocean bed, during palaeozoic time, 
subsided so as to permit a deposition, under water, of more than 25,000 feet 
of strata, is sufficiently unstable in character to come up again to an ele- 
vation required for the erosion of the anticlinal valleys. This great sub- 
sidence alone may indicate that "the area was one of weakness and liable 
to elevation or depression according to the action of the forces. 

During the long palaeozoic time the area of subsidence was in the 
Appalachian region, though clearly enough, during some portion of that 
time great uplifting occurred on the northeast, to be succeeded by subsi- 
dence which may have been equal to the elevation. Why could not the 
area of subsidence be changed from the Appalachian region to the ocean 
on the east? Subsidence in one locality means a corresponding, but not 
necessarily equal, elevation elsewhere ; so while the ocean bed was subsiding 
may not the Appalachians have risen? 

Page 57. See the introduction to Palaeontology of New York, Vol. III. 

Page 59. I have shown the existence of a similar condition in Iowa, 
where the erosion of the Devonian and Silurian surfaces has been covered 
by coal measures, preserving little evidence of the eroded material. In 
many instances of this kind deep depressions of considerable area were worn 
in the older formations, which were filled up by the underclays of the coal 
measures and often followed by the deposition of the coal above. (See 
Geological Report of Iowa, pp. 120-141, 1858.) 

Page 61. Very recently Mr. Gilbert of the U. S. Geological Survey 
has discovered coal and coal measures in the far west, just enough to make 
an exception to the general condition here stated. 

NOTES ON PROF. JAMES HALL'S ADDRESS. 

BY T. STERRY HUNT, LL. 1>., F. R. S. 

The present publication, after more than a quarter of a century has 
elapsed, of Prof. James Hall's Address before the American Association at 
the Montreal Meeting in 1857, * 8 eminently fitting at the present time and 
the views therein expressed will be found for the most part to have lost 
none of their value, but to have been confirmed by the progress of geolog- 
ical science. It should here be mentioned that most of the important 
points in this Address were published by Prof. Hall in 1859, * n * ne Intro- 
duction to the Third Volume of his great work on the Palaeontology of 
New York, and were the subject of an extended notice by the present 
writer, in an Essay on Some Points in American Geology, in the Ameri- 
can Journal of Science for May, 1861. It was here shown that the views of 
Prof. Hall, which when heard and read in 1857 and 1859 seemed to many 
untenable and evoked hostile criticism, were in harmony with those pre- 
viously maintained by masters in the science of Geology. It is true that 
the elevation-hypothesis of Von Buch had been extended from volcanic 
mountains to ranges made up of aqueous sediments, like the Alps, the 
Pyrenees and the Alleghanies, and by the authority of Humboldt and Elie 
de Beaumont had been impressed upon the scientific world, but not with- 
out protest. Constant Prevost, Scrope and Lyell had opposed this famous 
hypothesis as applied to volcanic elevations, while de Montlosier in 
1832, in the same spirit, declared that the great mountain chains of Europe 
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are but the remains of continental elevations which have been cut away by 
denudation and that the foldings and inversions to be met with in the 
structure of mountains are to be looked upon only as local and accidental. 

J. P. Lesley, again, in 1856, had asserted that continents are but con- 
geries of mountains, or rather the latter are but fragments of continents, 
separated by valleys which represent the absence or removal of mountain- 
land ; and again had said "mountains terminate where the rocks thin out/' 

Later, the present writer returned to the discussion of Prof. Hall's views 
in an Essay on Some Points in Dynamical Geology published in the Amer- 
ican Journal of Science for April, 1873, and in part a criticism of Professor 
Joseph LeConte's paper which appeared in the same Journal in November 
and December, 1872, on the Formation of the Features of the Earth's 
Crust. I quote from my Essay the following passages, to show how far 
Hall's views were accepted by LeConte, and also for the reason that in 
/eply to the adverse criticisms of LeConte and others, I have here stated 
what I conceive to be the great and distinguishing merits of Professor 
Hall's contribution to the theory of mountains first developed in his re- 
markable Address of 1857. 

"The views of Professor Hall as to the relation between great accumula- 
tions of strata and mountain elevations, are cited with approval by LeConte, 
who, following him, asserts that * mountain chains are masses of immensely 
thick sediments.' I venture, however, to remark in this connection that 
the views both of Mr. Hall, and of myself, as his expounder, have as yet 
been but imperfectly understood either by LeConte or our other critics. 
Thus, they have been defined as a theory of mountains with the origin of 
mountains left out, while LeConte says ' Hall and Hunt leave the sediments 
just after the whole preparation has been made, but before the actual 
mountain-formation has taken place.' Now in fact neither Hall nor yet 
myself in my exposition of his views [in the Essay cf 1861 cited above] 
has proposed any theory to explain this part of the process ; that is to say, 
the uplifting of the deposited sediments, which LeConte calls ' the actual 
mountain-formation.' Hall's contribution to the problem, which, as 
LeConte well says, forms * an era in geological science,' was to show the 
relation between mountain-chains and great accumulations of sediments ; 
to illustrate this by the history of the palaeozoic rocks of North America; 
and, moreover, to protest against the generally received theory that moun* 
tain elevations are due to local upthrusts ; he, to use his own language, 
4 going back to the theories long since entertained by geologists relative to 
continental elevations.' That mountains were the remains of eroded con- 
tinental areas had already been taught by Lesley, and long before by de 
Montlosier. It was left for Hall through a new way to lead us back to these 
views, but the whole theory of the cause of continental elevation was left 
by him where he found it. In my exposition cf his views, I have only en- 
deavored in addition to show in what manner a contracting globe and a 
solid nucleus may be related to the great facts of local subsidence and 

accumulation." 

******* 

" Professor LeConte declares that an important problem in geological 
dynamics remains in his opinion, unsolved, namely the cause of the * great 
and widespread oscillations which have marked the great divisions of time, 
and have left their impress in the general unconformability of the strata,' 
the last being that of the post-pliocene period. Now* it is precisely the 
upward movements of this kind which constitute the continental elevations 
cf de Montlosier, Hall and myself, giving rise to plateaus, and by the par- 
tial erosion and denudation of these, to mountains. The cause of these 
continental elevations was not discussed by Hall, and is by LeConte 
declared to be unexplained ; while such is the case * the actual mountain 
formation,' to use his words, is still unaccounted for. That these gentle 
and widespread movements of oscillation are, however, in some way not 
yet clearly explained, connected with the contracting of the nucleus, and 
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the consequent conforming thereto of the envelope, we can scarcely doubt ; 
or that the latter, from its nature and origin, must present great differences 
in constitution and in flexibility in its various parts. From this it might 
be expected that the movements imparted to the envelope alike by the 
process of secular cooling and contraction of the nucleus, and by the dis- 
turbance of the equilibrium of pressure consequent on the processes of 
erosion and sedimentation, would give rise to seemingly irregular oscilla- 
tions, resulting in the depression or the elevation of considerable areas, 
constituting continental movements." 

The two papers of the present writer will be found reproduced, the first 
in abstract, in his Chemical and Geological Essays, pp. 59-68, and 70-79. 

In the latter he has adverted to the view adopted by Hall in his Address, 
that the crystalline rocks of New England, including the Green Mountains 
and the White Mountains, are altered palaeozoic strata. This view which 
had been advocated by Mather, the brothers Rogers (though subsequently 
rejected by them), by Logan and others, was at that time accepted by the 
present writer; who has, however, long since rejected it as untenable, and 
maintained the prepalaeozoic age of these mountains, and generally of the 
crystalline rocks of the Atlantic belt, a view which is now shared by most 
geologists. It is hardly necessary to say that the acceptance or rejection 
of this hypothesis of the palaeozoic age of the crystalline rocks in question 
in no way affects Professor Hall's argument. The present view of the 
writer, now maintained by LeConte and most American Geologists, makes 
the rocks in question a part of the great prepalaeozoic continental area lying 
to the north and east which Professor Hall supposed to be the source of 
the palaeozoic sediments of the Appalachian basin. 
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Members of the Section of Mathematics and Astronomy :— 

Transits of Venus usually occur in pairs ; the two transits of a 
pair being separated b} r only eight } T ears, but between the nearest 
transits of consecutive pairs more than a century elapses. We 
are now on the eve of the second transit of a pair, after which 
there will be no other till the twenty-first century of our era has 
dawned upon the earth, and the June flowers are blooming in 
2004. When the last transit season occurred the intellectual 
world was awakening from the slumber of ages, and that wondrous 
scientific activity which has led to our present advanced knowl- 
edge was just beginning. What will be the state of science when 
the next transit season arrives God only knows. Not even our 
children's children will live to take part in the astronomy of that 
daj\ As for ourselves, we have to do with the present, and it 
seems a fitting occasion for noticing briefly the scientific history 
of past transits, and the plans for observing the one soon to hap- 
pen. 

When the Ptolemaic theory of the solar sj'stem was in vogue, 
astronomers correctly believed Venus and Mercury to be situated 
between the Earth and the Sun, but as these planets were sup- 
posed to shine by their own light, there was no reason to antici- 
pate that they would be visible during a transit, if indeed a transit 
should occur. Yet, singularly enough, so far back as April, 807, 
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Mercury is recorded to have been seen as a dark spot upon the face 
of the Sun. We now know that it is much too small to be visible 
to the naked eye in that position, and the object observed could 
have been nothing else than a large sun spot. Upon the establish- 
ment of the Copernican theory it was immediately perceived that 
transits of the inferior planets across the face of the Sun must 
occur, and the recognition of the value of transits of Venus for 
determining th3 solar parallax was not long in following. The 
idea of utilizing such transits for this purpose seems to have 
been vaguely conceived by James Gregory, or perhaps even by 
Horrocks ; but Halley was first to work it out completely, and to 
him is usually assigned the honor of the invention. His paper, 
published in 1716, was mainly instrumental in inducing the gov- 
ernments of Europe to undertake the observations of the transits 
of Venus of 1761 and 1769, from which our first accurate knowl- 
edge of the Sun's distance was obtained. 

When Kepler had finished his Rudolphine tables they furnished the 
means of predicting the places of the planets with some approach 
to accuracy ; and in 1627 he announced that Mercury would cross 
the face of the Sun on November 7, 1631, and Venus on Decem- 
ber 6 of the same year. The intense interest with which Gas- 
sendi prepared to observe these transits can be imagined when it 
is remembered that hitherto no such phenomena had ever greeted 
mortal eyes. He was destitute of what would now be regarded 
as the commonest instruments. The invention of telescopes 
was only twenty jears old, and a reason abl} T good clock had 
never been constructed. His observatory was situated in Paris, 
and its appliances were of the most primitive kind. By admit- 
ting the solar rays into a darkened room through a small round 
hole, an image of the Sun nine or ten inches in diameter was ob- 
tained upon a white screen. For the measurement of position 
angles a carefulty divided circle was traced upon this screen, and the 
whole was so arranged that the circle could be made to coincide 
accurately with the image of the Sun. To determine the times of 
ingress and egress, an assistant was stationed outside with a 
large quadrant, and he was instructed to observe the altitude of 
the sun whenever Gassendi stamped upon the floor. Modern as- 
tronomical predictions can be trusted within a minute or two, but 
so great did the uncertainty of Kepler's tables seem to Gassendi 
that he began to watch for the expected transit of Mercury two 
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whole da}'s before the time set for its occurrence. On the 5th of 
November it rained, and on the 6th clouds covered the sky al- 
most all day. The morning of the 7th broke, and yet there was 
no respite from the gloomy pall. Gassendi continued his weary 
watch with the sickening dread that the transit might already be 
over. A little before eight o'clock the sun began to struggle 
through the clouds, but mist prevented any satisfactory obser- 
vation for nearly another hour. Towards nine the sun became 
distinctly visible, and turning to its image on the screen, the 
astronomer observed a small black spot upon it. It was not half as 
large as he expected, and he could not believe it was Mercury. 
He took it for a sun spot, and carefully estimated its position at 
nine o'clock, so that he might use it as a point of reference for the 
planet, if indeed he should be fortunate enough to witness the 
transit. A little later he was surprised to see the spot had 
moved. Although the motion was too rapid for an ordinary eun 
spot, the small size of the object seemed to forbid the idea that it 
was Mercury. Besides, the predicted time of the transit had not 
3*et arrived. Gassendi was still uncertain respecting the true 
nature of the phenomenon when the sun again burst through the 
clouds and it was apparent that the spot was steadily moving 
from its original position. All doubt vanished, and recognizing 
that the transit, so patiently watched for, was actually in progress, 
he stamped upon the floor as a signal for his assistant to note the 
sun's altitude. That faithless man, whose name has been for- 
gotten by history, had deserted his post, and Gassendi continued 
his observations alone. Fortunately the assistant returned soon 
enough to aid in determining the instant of egress, and thus an 
important addition was made to our knowledge of the motions of 
the innermost planet of the solar system. 

After this success in observing Mercury, Gassendi hoped he 
might be equally fortunate in observing the transit of Venus on 
December 6, 1631. He knew that Kepler had assigned a time 
near sunset for first contact, but the tables were not sufficiently 
exact to forbid the possibility of the whole transit being visible at 
Paris. Alas, alas ! these hopes were doomed to disappointment. 
A severe storm of wind and rain prevailed on December 4th and 
5th, and although the sun was visible at intervals on the 6th and 
7th, not a trace of the planet could be seen. We now know that 
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the transit happened in the night between the 6th and 7th, and 
was wholly invisible at Paris. 

Transits of Venus can occur only in June and December, and 
as the two transits of a pair always happen in the same month, 
if we start from a June transit the intervals between consecutive 
transits will be 8 years, 105£ years, 8 years, 121 j- years, 8 years, 
105£ } T ear8, and so on. This is the order which exists now, and 
will continue for many centuries to come, but it is not always so. 
The path of Venus across the sun is not the same in the two 
transits of a pair. For a pair of June transits, the path at the 
second one is sensibly parallel to, and about twenty minutes north 
of, that at the first ; while for a pair of December transits the 
parallelism still holds, but the path at the second one is about 
twenty-five minutes south of that at the first. Hence it happens 
that whenever Venus passes within about four minutes of the 
sun's centre at a June transit, or within about eight minutes at 
a December transit, she will pass just outside the sun's disk at the 
other transit of the pair, and it will fail. Thus the intervals be- 
tween consecutive transits may be modified in various ways. If 
the first transit of a June pair fails, they will become 129^ 
years, 105£ years, 8 years, 129^ years, etc. If the second transit 
of a June pair fails, they will become 113£ years, 8 years, 121 J- 
years, 113£ y ears, etc. If the first transit of a December pair 
fails, they will become 8 years, 113£ years, 121£ years, 8 years, 
etc. If the second transit of a December pair fails, they will be- 
come 8 years, 105 J- years, 129 J years, 8 years, etc. And finally, 
if either the first or second transit of a pair fails both in June and 
December, thej r will become 113 J years, 129£ years, 1 13 j- years, 
129£ years, etc. 

When Kepler predicted the transit of 1631, he found from his 
tables that at her inferior conjunction on December 4, 1639, 
Venus would pass just south of the sun, and therefore he believed 
the second transit of the pair would fail. On the other hand, the 
tables of the Belgian astronomer, Lansberg, indicated that the 
northern part of the sun's disk would be traversed by the planet. 
In the fall of 1639 this discrepancy was investigated by Jeremiah 
Horrocks, a young curate only twenty years old, living in the 
obscure village of Hoole, fifteen miles north of Liverpool, and 
he found, apparently from his own observations, that although 
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Kepler's tables were far more accurate than Lansberg's, the path of 
the planet would really be a little north of that assigned by Kepler, 
and a transit over the southern portion of the sun would occur. 
He communicated this discovery to his friend "William Crabtree, 
and these two ardent astronomers were the only ones who had the 
good fortune to witness this, the first recorded transit of Venus. 

Horrocks had great confidence in his corrected cphemeris of 
Venus, and it forbade him to expect the ingress of the planet upon 
the sun before three o'clock in the afternoon of Sunda} 7 , November 
24, old style (December 4, new style) ; but as other astronomers 
assigned a date some hours earlier, he took the precaution to begin 
his observations on the 23rd. The 24th seems to have been par- 
tially cloudy, but he watched carefully from sunrise to nine 
o'clock ; from a little before ten until noon ; and at one o'clock in 
the afternoon ; having been called awa} T in the interval by busi- 
ness of the highest importance — presumably the celebration of di- 
vine service. About fifteen minutes past three he was again at 
liberty, and as the clouds had dispersed, he returned to his tele- 
scope and was rejoiced to find Venus upon the sun's disk, second 
contact having just happened. Only thirty-five minutes remained 
before sunset, but during these precious moments he made deter- 
minations of the position of Venus which are even yet of the 
highest value. Crabtree was less fortunate. At his station, near 
Manchester, there was but a momentary break in the clouds a 
quarter of an hour before suuset. This sufficed to give him a 
glimpse of the transit, and he afterwards made a sketch from 
memory. 

The years sped swiftly by, and as the transit of 1761 approached, 
Halley's paper of 1716 was not forgotton, although he himself 
had long been gathered to his fathers. In deciding to what ex- 
tent his plans could be followed, it was first of all necessary to 
know how nearly the real conditions would approximate to those 
he had anticipated. Passing over a paper by Trebuchet calling 
attention to errors in Halley's data, Delisle was first to point out 
the exact conditions of the transit, and the circumstances upon 
which the success of the observations would depend. In August, 
1760, less than a year before the event, he published a chart 
showing that inaccurate tables of Venus had misled Halley, both 
as to the availability of his method, and in the selection of stations. 
The occasion could be more effectively utilized by a change of plan, 
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and Delisle considered it best to observe at suitably selected lo- 
calities from many of which only the ingress, or only the egress, 
would be visible. Ferguson, in England, seems to have arrived 
independently at similar conclusions. 

The two methods proposed respectively by Halley and Delisle 
have played so important a part in the history of physical astron- 
omy that it will not be amiss to state briefly the distinction be- 
tween tbem. The sun causes Venus to cast a shadow which has 
the form of a gigantic cone, its apex resting upon the planet, and 
its diameter continually increasing as it recedes into space. All 
the phenomena of transits are produced by the passage of this 
shadow cone over the earth, and as each point of the cone corres- 
ponds to a particular phase of a transit, any given phase will en- 
counter the earth, and first become visible, at some point where 
the sun is just setting ; and will leave the earth, and therefore be 
last visible, at some point where the sun is just rising. Between 
these two points it will traverse nearly half the earth's circumfer- 
ence and in so doing will consume about twenty minutes. The only 
phases dealt with by either Halley *s or Del isle's method are the 
external and internal contacts, both at ingress and at egress. 
Delisle's method consists in observing the times of contact, at 
stations grouped about the regions where either ingress or egress 
is Boonest and latest visible. The longitudes of the stations must 
be well determined, and then by combining them with the observed 
times of contact the rate at which the shadow cone sweeps over 
the earth becomes known, and from it the solar parallax results. 
At many of the stations best suited for Delisle's method, only the 
beginning or only the ending of the transit will be visible ; but 
for the application of Halley's method, both the beginning and 
the ending must be seen. The theory of the latter method is so 
complicated that it is difficult to explain it briefly and at the same 
time accurately ; but the following considerations will suffice to 
indicate its nature. The duration of a transit at any point on the 
earth's surface depends partly upon the length of path, and partly 
upon the velocity, of that point while within the shadow cone. 
The length of path is affected by the latitude of the point, and 
the velocity by the earth's diurnal motion, which in some regions 
accelerates, and in others retards, the progress of the shadow. 
The result is that throughout one-half the earth's surface the 
duration of the transit is lengthened, while throughout the other 
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half it is shortened ; the maximum lengthening and shortening 
occurring at the respective poles of the hemispheres in question. 
Although these poles are not situated at the extremities of the 
earth's axis, it usually happens that one of them is shrouded in 
night; but upon the sunlit side of the earth, from which alone 
observations can be made, localities may exist at some of which 
the duration of the transit will be twenty minutes or more greater 
than at others. This inequality is the condition upon which 
Halley's method depends, and when such localities are accessible 
it may be advantageously applied. Briefly tnen, Halley's method 
consists in observing the duration of a transit at two or more 
stations so selected as to give durations of widely different lengths ; 
while Delisle's method consists in employing a common standard 
time to note the instant when the transit begins, or ends, at two 
or more stations so chosen as to give very different values for 
that instant. 

The transit of 1761 was visible throughdut Europe and was 
well observed by astronomers in all parts of that continent. Be- 
sides this, England sent expeditions to St. Helena and to the Cape 
of Good Hope ; and English astronomers observed at Madras and 
Calcutta; French astronomers were sent to Tobolsk, Rodriguez, 
and Pondicherry ; Russians to the confines of Tartary and China ; 
and Swedes to Lapland. No less than 117 stations were occupied 
by 176 observers; and of these, 137 published their observations. 
When this mass of data was submitted to computation, the result 
was far from satisfactor}'. Values of the solar parallax were ob- 
tained ranging from 8.49 seconds to 10.10 seconds; and in their 
disappointment the astronomers of the eighteenth century concluded 
that too much reliance had been placed upon Delisle's method. 

The transit of 1769 drew on apace ; and, to avoid a repetition of 
the fancied mistake of 1761, attention was directed almost exclu- 
sively to Halley's method. The conditions of the transit were 
carefully discussed by Hornsby in England, and by Lalande and 
Pingre in France ; and it was found that its duration would be 
greatest in Lapland and Kamschatka, and least in the Pacific Ocean, 
California and Mexico. Astronomers were dispatched to all these 
regions. England sent the famous Capt. Cook to Otaheite; 
France sent Chappe to California ; the King of Denmark sent 
Father Hell to Lapland ; and in addition numerous observations 
were made in Europe, North America, China, and the East Indies. 
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The preparations were most elaborate, and the result better than 
in 1761, but still not satisfactory. The black drop and other dis- 
tortions disturbed the contacts in this transit as they had done in 
the previous one, and the values of the parallax deduced by the 
best computers ranged from 8.43 seconds to 8.85 seconds. 

Thus the matter rested till 1825 and 1827 when Encke published 
abstracts of his discussion of the transits of 1761 and 1769, from 
which he deduced a parallax of 8.58 seconds. This discussion was 
not printed in full till 1835, when it immediately commanded the 
attention of astronomers, and its result, which Encke had modified 
to 8.57 seconds, was universally accepted for more than a quar- 
ter of a century. As time wore on, certain gravitational investiga- 
tions led to a strong suspicion that the sun's distance had been over- 
estimated by at least three million miles, and the observations of 
Mars at its opposition in 1862 converted this suspicion into a con- 
viction. The eighteenth century transits were again rediscussed 
and a parallax of 8.88 seconds was found from them by Powalky 
in 1865, and 8.91 seconds by Mr. E. J. Stone in 1868. Newcomb's 
paper, in 1867, also produced a marked impression. 

The transit of 1874 was then approaching, and in the discussion 
as to how it should be utilized Halley's and Delisle's methods once 
more played a prominent part. It was recognized that the uncer- 
tainty in the observed times of contact of the eighteenth century 
transits was largely due to the black drop, and the causes of that 
phenomenon were carefully considered. Among them, most astron- 
omers believed that irradiation played an important, if not the 
principal, part ; but at the same time there was a general feeling 
that the telescopes of a century ago were bad, and that the mag- 
nificent instruments of the present day would give better results. 
In view of all the circumstances it was determined that the con- 
tacts should be observed with equatorially-monnted achromatic tel- 
escopes of from 4 to 6 inches' aperture, or with reflectors of not 
less than 7 inches' aperture, and that magnifying powers of from 
150 to 200 diameters should be employed. The Germans and 
Russians adopted heliometers of about three inches' aperture 
for making exact determinations of the positions of Venus during 
transit, but other nations did not follow their example. 

Photography, an agency undreamed of in the eighteenth century, 
was also available, and all saw the desirability of employing it ; 
but there was much difference of opinion as to how this should be 
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done. The European astronomers preferred instruments modelled 
upon the Kew photoheliograph, whose objective has 8.4 inches ap- 
erture and 50 inches focus, giving an image of the sun 0.482 of an 
inch in diameter, which is enlarged by a secondary magnifier to 
3.93 inches. On the other hand, the American astronomers con- 
tended that photographs taken with such instruments would be 
affected by troublesome errors due to the secondary magnifier, that 
position angles could not be measured from them accurately enough 
to be of any use, and that it would be exceedingly difficult to de- 
termine the exact linear value of a second of arc. They advocated 
the use of horizontal photoheliographs, which are free from all 
these disadvantages ; and the instruments which they adopted had 
apertures of 5 inches, and focal distances of 38£ feet, giving 
images of the sun slightly more than 4 inches in diameter. Not- 
withstanding this radical difference of opinion respecting the best 
form of photoheliograph, the astronomers of the old and new worlds 
were in perfect accord as to how the instruments should be em- 
ployed. Between the first and second contacts, and again between 
the third and fourth contacts, photographs about five minutes square, 
showing the indentation cut by the planet into the sun's limb, were 
to be taken at intervals of a few seconds ; and from these it was 
hoped the true times of contact could be deduced with great accu- 
racy. Between the second and third contacts, pictures of the en- 
tire sun were to be taken at short intervals,, and the positions of 
Venus relatively to the sun's centre were to be obtained from them 
by subsequent measurements. In the latter case, the photohelio- 
graph took the place of a heliometer, and was superior to that instru- 
ment in its power of rapidly accumulating data. 

The question of instrumental outfit having been disposed of, 
stations were selected, and parties dispatched to almost every 
available point. The United States, England, France, Germany, 
Russia, Holland, — in short, nearly all the nations of the civilized 
world, — took part in the operations. The weather was not al- 
together propitious on the day of the transit, but nevertheless a 
mass of data was accumulated which will require years for its 
thorough discussion. When the parties returned home the contact 
observations were first attacked, but it was soon found that they 
were little better than those of the eighteenth century. The black 
drop, and the atmospheres of Venus and the Earth, had again 
produced a series of complicated phenomena, extending over many 
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seconds of time, from among which it was extremely difficult to 
pick out the true contact. It was uncertain whether or not differ- 
ent observers had really recorded the same phase, and in every 
case that question had to be decided before the observations could 
be used. Thus it came about that within certain rather wide limits 
the resulting parallax was unavoidably dependent upon the judg- 
ment of the computer, and to that extent was mere guesswork. 
Attention was next directed to the photographs, and .soon it began 
to be whispered about that those taken by European astronomers 
were a failure. Even yet I am not aware that the Germans have 
published anything official on the subject ; but the English official 
report has appeared, and it frankly declares that " after laborious 
measures and calculations it was thought best to abstain from pub- 
lishing the results of the photographic measures as comparable with 
those deduced from telescopic view." From the way in which these 
photographs were taken, Sir George Airy saw that they could not 
yield position angles of any value, and therefore differences of 
right ascension and declination could not be determined from them ; 
but they did seem capable of giving the distance between the centres 
of Venus and the sun with considerable accuracy. Upon trial this 
proved not to be the case. No two persons could measure them 
alike, because "however well the sun's limb on the photograph 
appeared to the naked eye to be defined, yet on applying to it a 
microscope it became indistinct and untraceable, and when the 
sharp wire of the micrometer was placed on it, it entirely disap- 
peared." In short, the British photographs are useless for the 
present, but Sir George Airy, hopes that in the future some astron- 
omer may be found who will be capable of dealing with them. 
We turn now to the American photographs. They present a 
well defined image of the sun about 4.4 inches in diameter, and are 
intended to give both the position angle and distance of Venus 
from the sun's centre. A special engine was at hand for measur- 
ing them, but when they were placed under the microscope only 
an indistinct blur could be seen. Here again was the same diffi- 
culty which had baffled the English, but fortunately its cause was 
soon discovered. The magnifying power of the microscope was 
only 37£ diameters, which seemed moderate enough, but was it 
really so ? The photographic image of the sun was about 4.4 inches 
in diameter, and this was magnified 3.31 times by the objective 
of the microscope, thus giving an image 14.56 inches in diameter. 
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To yield an image of the same size, a telescopic objective would 
require a focus of about 1563 inches, and if the eye-piece of the 
microscope, which had an equivalent focus of 0.886 of an inch, 
were applied to it, a power of 1764 diameters would be produced. 
This then was the utterly preposterous power under which the 
image of the sun was seen when the photograph was viewed through 
the microscope, and no useful result could be expected from it. 
Means were immediately provided for reducing the power of the 
microscope to 5.41 diameters, and then the photograph seen through 
it appeared as the sun does when viewed through a telescope mag- 
nifying 255 diameters. After this change all difficulty vanished, 
and the photographs yielded excellent results. The measurements 
made upon them seem free from both constant and systematic 
errors, and the probable accidental error of a position of Venus 
depending upon two sets of readings made upon a single photograph 
is only 0.553 of a second of arc. To prevent misunderstanding it 
should be remarked that this statement applies only to pictures taken 
between second and third contact, and showing the entire sun. 
The small photographs taken between first and second contact, 
and again between third and fourth contact, proved of no value. 
These investigations consumed much time, and before the re- 
sult from the American photographs was generally known, an 
international convention of astronomers was held in Paris to con- 
sider how the transit of 1882 should be observed. The United 
States was not represented at this conference, and guided only by 
their own experience, the European astronomers declared that 
photography was a failure and should not be tried again. They 
knew that the contact methods are attended by difficulties which 
have hitherto proved insurmountable, but under the merciless pres- 
sure of necessity, they decided to try them once more. Unfet- 
tered by the action of the Paris Conference, the United States 
Transit of Venus Commission took a very different view of the 
case. Its members knew that the probable error of a contact ob- 
servation is 0.15 of a second of arc, that there may always be a 
doubt as to the phase observed, and that a passing cloud may 
cause the loss of the transit. They also knew that the photo- 
graphic method cannot be defeated by passing clouds, is not lia- 
ble to any uncertainty of interpretation, seems to be free from sj t s- 
tematic errors, and is so accurate that the result from a single 
negative has a probable error of only 0.55 of a second of arc. If 
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the sun is visible for so much as six minutes between the second 
and third contacts, by using dry plates thirty-six negatives can be 
taken, and they will give as accurate a result as the observation of 
both internal contacts. These were the reasons which led the 
American Commission to regard photography as the most hopeful 
means of observation, and thus it happens that the astronomers 
of the old and new worlds differ radically respecting the best 
means of utilizing one of the most important astronomical events 
of the century. The Europeans condemn photography, and trust 
only to contacts and heliometers ; the Americans observe contacts 
because it costs nothing to do so, but look to photography for the 
most valuable results. 

In 1716, Halley thought that by the application of his method 
to the transit of 1761, the solar parallax could certainly be deter- 
mined within the five hundredth part of its whole amount. Since 
then, three transits have come and gone, and the contact methods 
have failed to give half that accuracy. From the photographic 
method, as developed by the U. S. Transit of Venus Commission, 
we hope better things, and perhaps fifty years hence its results 
may be regarded as the most valuable of the present transit 
season. In 1874, as in 1761, exaggerated views prevailed res- 
pecting the value of transits of Venus, but no competent authority 
now supposes that the solar parallax can be settled by them 
alone. The masses of the Earth and Moon, the moon's parallactic 
inequality, the lunar equation of the earth, the constants of 
nutation and aberration, the velocity of light, and the light equa- 
tion, must all be taken into account in determining the solar 
parallax, and it cannot be regarded as exactly known until the 
results obtained from trigonometrical, gravitational, and photo- 
tachy metrical, methods are in perfect harmony. It may be many 
years before this is attained, but meanwhile practical astronomy 
is not suffering. Its use of the solar parallax is mainly confined 
to the reduction of observations made at the surface of the earth 
to what they would have been if made at the Earth's centre ; and 
for that, our present knowledge suffices. The real argument for 
expending so much money upon transits of Venus is that being 
an important factor in determining the solar parallax, their ex- 
treme rarity renders it unpardonable to neglect any opportunity 
of observing them. Let us do our whole duty in this matter that 
posterity may benefit by it, even as we have benefited by the la- 
bors of our predecessors. 
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New views of Mb. George H. Darwin's Theory op the Evolu- 
tion op the Earth-Moon System, considered as to its bear- 
ing on the question op the duration op Geological Time. 
By Samuel Haughton, of Dublin, Ireland. 

It has been tacitly assumed, even so far back as the times of 
Newton and Clairaut, that the earth and planets have passed 
through a liquid condition (owing to former great heat) before 
assuming the solid condition, which some of them, at least, now 
possess. 

Laplace, in his nebular hypothesis, also assumes the former 
existence of this liquid condition, and it is openly asserted by all 
geologists who believe that the earth consists of a solid crust 
(more or less thick), reposing upon a fluid or viscous nucleus. 

It has been proved by Sir William Thomson, following out the 
views of the late Mr. Hopkins, that the present condition of the 
earth, taken as a whole, is such that it must be regarded as being 
more rigid than glass or steel, possibly more rigid than any ter- 
restrial substance under the surface conditions of pressure. 

The following considerations show that it may be fairly doubted 
whether the earth or any other planet ever existed in a fluid con- 
dition. 

1. The possibility of the equilibrium of the rings of Saturn, on 
the supposition that they are either solid or liquid, has been more 
than doubted, and the most probable hj-pothesis respecting them 
is, that they consist of swarms of discrete meteoric stones. 

2. It is difficult to understand the low specific gravity of Jupi- 
ter and the other outer planets, on the supposition that they are 
either solid or liquid, for we know of no substance light enough 
to form them. 1 If the outer planets consist of discrete meteoric 

1 The force of this argument could not be felt before the revelations of the spectro- 
scope, because at that time there was no proof that the whole universe was composed 
of the same simple substances, and those very limited in number. 
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stones moving around a solid or liquid nucleus, the difficulty re- 
specting their specific gravity would disappear. 

3. The recent researches connecting the November, the August, 
and other periodic swarms of shooting stars with comets tend in 
the direction of showing that comets, in cooling, break up into dis- 
crete solid particles (each no doubt having passed through the 
liquid condition) ; and that probably the solar nebula cooled in 
like manner into separate fiery tears, which soon solidified by ra- 
diation into the cold of space. 

4. Mr. Huggins's recent comparisons of the spectroscopic ap- 
pearances of comets and incandescent portions of meteoric stones, 
showing the presence in both of hydrocarbon and nitrogen com- 
pounds, confirm the conclusions drawn from the identity of the 
paths of comets and meteoric periodic shooting stars. 

5. Mr. H. A. Newton, in a remarkable paper read before the 
Sheffield Meeting of the British Association (1879), showed the 
possibility (if not probability) of the asteroids being extinct 
comets, captured and brought into the solar system by the attrac- 
tion of some one or other of the outer large planets, and perma- 
nently confined in the space between Mars and Jupiter, which is 
the only prison cell in the solar system large enough to hold per- 
manently such disorderly wanderers. 

In the same paper, Professor Newton threw out the idea that 
some of the satellites of the large planets might also be of com- 
etary origin. 

From all these and other considerations, it is therefore allowable 
to suppose that the earth and moon, when they separated from the 
solar nebula, did so as a swarm of solid meteoric stones, each of 
them having the temperature of interstellar space ; i. e., something 
not much warmer than 460° F. below the freezing point of water. 

Mr. George H. Darwin has shown, admirably, how the earth- 
moon eystem may have been developed from the time when the 
earth-moon formed one planet revolving on its axis in a few 
hour3, to the present time, when the earth and moon (in conse- 
quence of tidal friction) have pushed each other asunder to a dis- 
tance of sixty times the radius of the earth. 9 

In his paper on the tidal friction of a planet 3 (supposed viscous 
and under the influence of bodily tides caused in it by an external 

■ Proceedings of Roynl Society, 19th June, 1879. 
•Phil. Trans., 1881, Part ii, p. 494. 
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body such as the moon), Mr. Darwin has found a remarkable equa- 
tion of condition, which may be thus expressed : 

w/ -x ¥dt m 

where y = distance between centres of earth and moon. 
t = time elapsed from a fixed epoch. 

1+p 2 (n— &) 9 y ' 

n = angular velocity of earth's rotation. 

Q = angular velocity of moon's orbital revolution. 

p = quantity varying inversely as the viscosity of the planet. 

The extreme interest of equation (1) consists in the appearance 
of the inverse sixth power of the distance. 

As the function iF varies very slowly, we find by integration, 
for any portion of time during which W may be regarded as con- 
stant 

t = Ar^+B, (3) 

a most unexpected and remarkable result. 

Upon reading Mr. Darwin's papers, my mind turned to a prob- 
lem with which I was familiar, viz. : the retardation of the earth's 
rotation produced by the lunisolar tide exerted upon the ocean 
supposed collected in an equatorial canal, the moon and sun hav- 
ing no declination, and I readily found an equation to express the 
evolution of the earth-moon system, on the foregoing hypothesis 
as to friction. 

This equation is the following : 

where 

- j4v; («-*)■-*■ | •i(ii=5)M7 i (5) 

/= coefficient of friction supposed proportional to 

relative velocity. 
k varies inversely as r*. 
V z= velocity at earth's equator. 

This leads, as in Mr. Darwin's hypothesis of viscous earth, to 
the integral 

t = A'r^+B' (6) 
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The form of the functions W and $ is similar, as both ascend by 
odd powers of (n — £) and vanish when n = &, that is to say, at 
the beginning and end of the evolution by friction of the earth- 
moon system. 

It is quite clear, therefore, that the remarkable expression (1) 
found by Mr. Darwin, is not peculiar to his special hypothesis of 
a viscous earth, but can be deduced equally well from the totally 
distinct hypothesis of an absolutely rigid earth retarded by the 
tidal action of a liquid ocean. 

I was led by this result to consider the case of the earth-moon 
separating (as I believe they did) from the central solar mass, in 
the form of a swarm of discrete masses of meteoric iron and 
stone, each one having the temperature of the cold of interstellar 
space, or not much above it. Translating this conception into 
mathematical language, I find that the equation of continuity be- 
longing to the hydrodynamical theory applies equally well to the 
meteoric theory, viz. : 

vy=v>y' (7) 

where v, t/ are the velocities at anj' two points, and y, y 1 are the 
depths of the ocean or meteoric swarm at the same points. 

The depth of the swarm or ocean, without jostling or friction 
will be least under the moon, and greatest at right angles to the 
moon, and the velocities will be inversely. Hence the chances of 
jostling among the meteorites, when disturbed by the moon's tidal 
action will be proportional to the velocity, being greatest where 
the velocity is greatest and the area of passage least, and vice 
versa. 

This consideration reduces the meteoric problem to that of the 
hydrodynamical problem, with a friction proportional to the ve- 
locity, and gives equations, in all respects similar to those derived 
by Mr. Darwin, from the hypothesis of a viscous earth. 

On the meteoric hypothesis, if the jostling of the stones be slow 
they may cool almost as fast as they are heated and the result will 
be a cool earth and almost indefinite time at the disposal of geolo- 
gists. 
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The Parallax of a JjYrjr and 61 Cygni. By Asaph Hall, of 
Washington, D. C. 

The question of the parallaxes of the fixed stars, or their dis- 
tances from the earth, was for a long time a subject of speculation 
among the ancient astronomers. Very little, however, could be 
done towards answering this question until the true theory of our 
solar system had been discovered, and the invention of the tele- 
scope had made possible more accurate astronomical observations. 
Even when these things had been done there remained other 
questions to be solved, such as those of aberration and refraction, 
before astronomers could reduce their observations correctly and 
bring the problem of stellar parallax to the test of exact meas- 
urement. All these reductions are easy to us now, but the as- 
tronomer who lived two hundred years ago found himself in a 
maze of perplexities, and nearly a century passed away before 
these difficulties were overcome so far as to make feasible the de- 
termination of the distances of the stars. 

When it was seen that the motion of the planets around the sun 
is undoubtedly the true theory of our solar system, and that we 
have a long base line to measure from, astronomers were not slow 
to undertake observations for stellar parallax. One of the ear- 
liest observers was Rothmann, astronomer for William of Hesse, 
in Germany. Rothmann found a difference of 2' in the latitude 
of his observatory from observations made in summer and in 
winter, and hence he inferred that the stars have an annual par- 
allax, which confirmed the Copernican theory that the earth is in 
motion around the sun. But Tycho Brahe, the best observer of 
those times, declared that his own observations, made with the 
best instruments and with the greatest care, showed no such change 
of latitude ; and hence Tycho drew the conclusion that the stars 
have no parallax, and that the theory of the motion of the earth 
around the sun is false. One of the most ingenious early at- 
tempts to investigate stellar parallax was that of Dr. Robert 
Hooke of London in 1669 ; but Hooke seems to have been a man 
of unsteady purpose, and failed to cany out his plan of obser- 
vation, so that his work came to nothing. The next remarkable 
attempt was by the English astronomer, Flamsteed, in 1689-1697. 
Flamsteed made very careful determinations of the zenith dis- 
tances of Polaris at its upper and lower culminations at different 
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times of the year, and correcting these for precession he found 
that the results showed a periodical change, which he ascribed to 
parallax. But as soon as Flam steed published his observations, 
it was pointed out by Cassini and others that the periodical 
changes could not be explained by a parallax of the star. It is 
curious, however, that no serious attempt was made to account 
for Flamsteed's results, the most careful and accurate that had 
been obtained up to his time. These results contain, in fact, the 
data for a very good determination of tho constant of aberration, 
as was shown by C. A. F. Peters in 1846, and the value of this 
constant found from Flamsteed's observations is in error only a 
quarter of a second of arc. 

Another generation of astronomers continued their attempts 
at the determination of stellar parallax, from observations of the 
zenith distances of the stars, but with no results. Many of these 
observations show periodical changes, which gave rise to various 
theories ; but probably all these changes may be explained by 
variations in the instruments, or by incomplete reduction of the 
observations. In fact, no trustworthy determinations of parallax 
were possible until after the discovery of the aberration of light ; 
and Bradley's discovery of this phenomenon, in 1728, put an end 
to most of the crude attempts. The coefficient of aberration is 
20. "4 ; and although the correction for aberration is zero at the 
time of the maximum of parallax, yet the motion of the earth in 
a single day will introduce a correction for aberration amounting 
to one-third of a second of arc, a quantity comparable with the 
parallaxes of the stars. Bradley was one of the few astronomers 
of the past century who knew the value of accurate and definite 
observations, and from his own work he drew the conclusion that 
the parallaxes of the stars must be less than a second of arc. 
Bradley's labors seem to have shown astronomers the great prac- 
tical difficulty of this problem of stellar parallax, and few further 
attempts were made until toward the beginning of the present cen- 
tury when the instruments had been much improved. 

The Italian astronomer, Piazzi, in 1792-1804, found parallaxes 
of several of the bright stars, amounting in some cases to 8" or 4", 
but his results are certainly wrong. About this time Brinkley, 
the astronomer Royal of Ireland, devoted fourteen 3'ears of care- 
ful and intelligent observation to the question of stellar parallax. 
This is one of the most remarkable researches of the kind ever 
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made. The values of parallax found by Brinkley amount in some 
cases to 2" ; and his work led to a long dispute between himself 
and Pond, the astronomer Royal at Greenwich. Although Brink- 
ley was a skilful astronomer, and a man whom no amount of 
labor could deter, j r et we must say that his results for parallax 
are mostly erroneous. However, the great difficulty of dealing 
with this question, by means of absolute measures made with di- 
vided circles, seems to have been brought out clearly by Brink- 
ley's observations and their subsequent criticism and discussion. 

The most elaborate and successful attempt that I know of to 
determine the parallaxes of the stars by such absolute measure- 
ments is that made by C. A. F. Peters at Pulkowa in 1842-43. 
In the care and skill of observation, and completeness of reduction, 
this work has never been surpassed. Peters finds positive values 
of the parallaxes of seven of the eight stars observed, and in the 
case of the single negative parallax the value is less than a tenth 
of a second. The parallax of 18S0 Groombridge found by 
Peters is // .226 : J = // .141 ; a value much less than that found by 
a differential method, and subsequent investigations have proved 
the correctness of Peters' result. 

The absolute determination of so small a quantity as a stellar 
parallax is an extremely difficult matter, since the observations 
must be extended over a year, during which the instrument is ex- 
posed to great changes of temperature which act on the circle, 
and which may influence the reductions. The divided circle may 
be avoided by using a transit instrument in the prime vertical, al- 
though the field of observation is in this way restricted to fewer 
stars. If Struve's method of reversing the instrument in each 
vertical be used, and stars are chosen that pass near the zenith, 
two of the instrumental corrections are almost wholly eliminated ; 
but the third, or level correction, comes in with nearly its full 
value. With the excellent spirit levels made by Hepsold, it was 
found by Struve that the probable error from this source was only 
a few hundredths of a second of arc. For stars of the first 
and second magnitudes that can be observed at all seasons of the 
year, this instrument promises good results, and in the absolute 
determinations of parallax, and in the investigations of the con- 
stants of aberration and nutation, it may yet fulfil the expectations 
of Struve. 

It was long ago pointed out by Galileo, that if two stars are near 
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each other, and one of them is bright and the other faint, probably, 
these stars are at greatly different distances from us ; and that 
differential observations of such stars would lead to a knowledge 
of their difference of parallax. Huygens applied this method to 
some of the binary systems, and of course found no parallax. 
A centuiy afterwards Herschel also applied this method to some 
of the binary stars, and again no parallax was found ; but by con- 
tinuing his observations Herschel found that many of these stars 
were in motion around each other, and recognizing that such stars 
must be at nearly the same distance from us, he saw that no par- 
allax could be found from such observations. In some respects, 
however, this method of Galileo presents great advantages. The 
observations being merely differential they can be made with mi- 
crometers of various kinds, and with greater accuracy and ease 
than absolute determinations. The reductions are also far simpler 
and more easily computed, and we avoid in a good degree the 
effects produced by changes of temperature. It is true that by this 
method we get only the difference of the parallaxes of the stars, 
and there will always remain some doubt concerning the value of 
the real parallax. But if a number of different stars be used for 
comparison, and the same value of the parallax be found from the 
various stars, we may fairly conclude that the parallax belongs to 
the principal star. A practical difficulty is met with here in the 
fact that most of the stars that have large proper motions, and 
those that for other reasons are such as we would observe for par- 
allax, have no suitable comparison stars within reach of the 
micrometers commonly in use ; that is, if we follow the method of 
measuring angles of position and distance, which is perhaps the 
best. In some cases this difficulty may be avoided by observing 
only the difference of declination, when the coefficient of parallax 
in declination is not too small, although by doing this we give up 
the advantage of an independent determination of the parallax 
from the angle of position. 

In 1862 a series of observations of a Lyrae was begun at the 
U. S. Naval Observatory by Professor J. S. Hubbard, and this se- 
ries was continued by Professor S. Newcomb and his assistants 
until April, 1867. Each complete observation consists of four 
transits over seven wires, the instrument being reversed in each 
vertical. This star passing onlj r a quarter of a degree south of 
our zenith, the correction for azimuth is nearly zero, and the colli- 



BY ASAPH HALL. 97 

mation being eliminated by the method of observing, there remained 
only the correction for the level, which was determined by an 
excellent instrument made by Wiirdemann of Washington. This 
long and careful series of observations proved, however, of no value 
for determining the parallax of this star. Some unknown disturb- 
ance acted in such a way that the parallax comes out negative. 
This unfortunate result led me to make an attempt to find the 
parallax of this star by the differential method, while our observatory 
remains on its present site. These observations were begun May 
24, 1880, and were finished July 2, 1881. As the famous star 61 
Cygni could be observed without spending much more time, 
observations on this star were begun Oct. 24, 1880, and ended 
Dec. 7, 1881. These observations were the simplest possible, 
being measures of the difference of declination from a comparison 
star of the tenth magnitude. My observations of a Lyrse consist 
of two series, one with a bright field and dark wires, and the other 
with a dark field and bright wires ; those of 61 Cygni were made 
with the dark wires only. Before beginning these measurements an 
arrangement was attached to the tube of the micrometer for adjust- 
ing the stellar focus, so that this adjustment could be deliberately 
and carefully made, and during the work care was taken that this 
adjustment should be always exact. In the case of our 26-inch 
refractor the tube of the micrometer is shifted one-thirtieth of an 
inch during the year, it being pushed in during the cold weather 
and drawn out in summer. It has been assumed in all our previous 
reductions that the coefficient of temperature for the screw of our 
micrometer is zero. To test this assumption, which would have an 
important influence on the reductions, at the same time that the 
observations for parallax were going on a series of measurements 
was made on a pair of stars in the cluster h Persei. These meas- 
urements were not reduced until the observations for parallax were 
finished, and on account of the previous result of a zero coefficient 
for temperature, the measurements were not so numerous as they 
might otherwise have been ; still they show a decided correction 
for change of temperature. 

The observations for parallax were arranged so that the microm- 
eter and the wires were reversed on each night, and at the end of 
an observation the wires were restored to their first position. 
Each of these observations being reduced to a chosen epoch by 

A. A. A. S., VOL. XXXI. 7 



98 PARALLAX OF a LYRJE AND 61 CTGNI J BT A8APH HALL. 

correcting for proper motion, precession, nutation and aberration, 
gives an equation of condition of the form 

x + by + cz + du + »* = o, 

where a; is the correction to the assumed difference of declination, 
y the correction to the assumed value of the annual proper motion, 
z the difference of the constants of aberration for the two stars, 
u the difference of the parallaxes of the stars, and n is the residu- 
al between the observed difference of declination and an assumed 
value. The assignment of weights to such equations is a delicate 
matter, and whenever possible I have preferred to give the weight 
unity to each of them, notwithstanding the fact that the observations 
were made under very different conditions of the images. The 
solution of each set of equations by the method of least squares 
gives the following values of the parallax : 

a Lyroe. 

Dark wires, n = 0".1556 ± 0".00764. 
Bright " * = 0.2080 ± .00827. 
Taking the mean of these results by weight, we have the final 
result ; 

* = 0".1797 =fc 0".00561. 
Time of light = 18.11 Julian years. 

61 Gygni. 

Dark wires, « = 0".4783 ± 0".01881. 
Time of light = 6.803 Julian years. 

The substitution of these values in the equations of condition shows 
that the greatest residual in the case of a Lyrse is for the dark 
wires 0".120 ; and for the bright wires it is 0".160, there being 69 
equations in the first case and 59 in the second. The observations 
of 61 Cygni are not quite so good, the greatest residual here 
among the 66 equations being 0".209. 

The star 61 Cygni has one of the largest and best determined 
parallaxes that we know of, since a recent investigation by Dr. 
Elkin has reduced that of a Centauri to nearly the same value. 
This quantity being half a second of arc, it can be seen easily with 
a good telescope. But a tenth of a second is so small that one 
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can hardly distinguish it even with the highest magnifying powers, 
except with remarkably steady and distinct images. To determine 
a parallax of this amount we must trust therefore that in a large 
.series of measurements the influence of the parallax will be shown 
in the mean result. And my own experience has convinced me 
that such will be the case, if the observer be careful, and has 
practised so long that his habit of observing will not change 
during the period of observation. 



On a method of reducing different Catalogues of Stars to a 
homogeneous system. By William A. Hogers, of Cambridge, 
Mass. 

[ABSTRACT.] 

When two catalogues of stars which have been independently 
observed are compared, it will be found that there are certain 
systematic deviations inter se which are functions either of the 
right ascension or of the declination, or of both the right ascension 
and the declination. If all the stars in the two catalogues are 
compared for each hour of right ascension and the mean of the 
deviations for each hour be taken, it will be found that this mean 
is never a constant. So also the mean of the residuals obtained 
by combining the stars in groups, arranged in the order of decli- 
nation, will be found to vary with the declination. 

Now our knowledge of the motion of the solar system in space 
depends upon our knowledge of the proper motions of the stars 
composing the stellar system. Since all the catalogues of stars 
which have ever been made, have variations from any normal 
system assumed, it is necessary to reduce each catalogue to a 
common system before the observations can be employed in the 
determination of the proper motion. 

It is the common practice to arrange the stars in the order of 
right ascension and to take the mean of the residuals from the 
normal system chosen for each hour. Since these residuals in- 
volve the accidental errors of observation, it is then necessary 
to obtain a system of mean corrections which shall be as nearly 
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free as possible from accidental errors. There are two methods 
of doing this — 

I. The Analytical Method. 

If we have a series of residuals Aa arranged in the order of 
right ascension, which are strictly circular functions, we may 
always assume : 

Ja = a constant -f- *» sin a-\-n cos a -f- m' sin 2a -f- n' cos 2a etc. 

From the solution of a series of equations of this form the 
values of m n m' and n' can be found by the process of least 
squares. Hence the value of Aa becomes known for any right 
ascension. 

II. The Graphical Method. 

If we assume any given unit in right ascension as a horizontal 
argument, and an aliquot part of Aa as a vertical argument, it is 
obvious that points representing Aa may be laid off which will 
bear a definite relation to a fixed horizontal line. If a smooth 
curve be drawn through these points values of Aa nearly repre- 
senting observation may be derived for any right ascension by 
reading off the vertical coordinate passing through the curve at 
this point. 

Now when the systematic deviations of any catalogue from the 
normal system have been found by either of these methods and 
have been applied to the positions of the catalogue, it will still 
nearly always be found that there are remaining residuals which 
are functions of the declination. These residuals can be treated 
either analytically or graphically by the methods just described. 

But when the chosen catalogue has been reduced to the normal 
system by the application of both of these classes of systematic 
corrections, i. e., those depending on the right ascension, and those 
depending on the declination, obtained independently, there are 
several catalogues which still show a system of residuals which 
are functions of both the right ascension and of the declination. 

It is easy to see why this must be so, to a certain extent. 
Nearly all modern catalogues depend upon Bessel's constants of 
precession. A few, however, depend upon Struve's constants. 

In order to reduce the annual variation for Bessel's constants to 
those of Struve, we have : — 
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It will be seen that the variable part of this reduction depends 
upon both a and d. 

Both of the methods described for comparing different catalogues 
with a normal catalogue are open to the objection that the coordi- 
nates of any given star when referred in this way to a normal sys- 
tem, may differ by a small amount from the values of the coordi- 
nates derived by a direct reduction of the instrumental constants 
from the fundamental stars of the system. I estimate the uncer- 
tainty arising in this way to be about ±0.015" in Aa and ± 0.20" 
in Ad. 

In the reduction of the zone stars observed at the Harvard 
College Observatory, the instrumental constants from 1871 to 1876 
have been recomputed from the final positions of the fundamental 
catalogue upon which it is to be based, viz., upon the catalogue of 
fundamental stars hi publication, the primary reductions having 
been made with the provisional places of these stars. When, there- 
fore, the final catalogue is completed, the data will be at hand for 
a definite determination of the amount of this uncertainty. But 
since this reduction is entirely impracticable in the case of the cata- 
logues already published finally, some method of reducing different 
catalogues to a homogenous system is an absolute necessity. Ad- 
mitting the necessity — that method is to be preferred which will re- 
duce the residuals Aa and Ad to a minimum, whatever the order or 
the limits of the groups into which they may be divided. 

The method proposed is as follows : — 

(a) The residuals are first arranged in the order of declination. 
The mean values for any group represent nearly the corrections 
for the mean declination of that group, and for twelve hours of 
right ascension. 

(b) The residuals for each group minus the mean value for that 
group, are then arranged in the order of right ascension, and a 
graphic curve is drawn through the points representing these values. 
Each curve will give a series of values for the even hours of right 
ascension, which are arranged in vertical columns, the horizontal 
argument being the mean declination. It will be seen that the 
values in the vertical columns are derived from the same curve, 
while those in the horizontal columns are derived from different 
curves. In order to connect the different groups in declination a 
curve is drawn, through the points represented by the residuals in 
the horizontal columns. This will, of course, disturb to a slight 
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extent, the values already found in the vertical columns, but they 
can in turn be rectified in the way already described. A second 
approximation will ordinarily give smooth curves for both the 
vertical and the horizontal arguments. 

(c) On account of the limited number of residuals which usually 
compose the groups arranged in the order of declination, there is 
danger of introducing systematic errors in drawing the graphic 
curves. Hence, after the sum of the two residuals already found 
has been subtracted from the original residuals, the new values are 
arranged in the order of right ascension and a smooth curve is 
drawn through the points thus found, giving the means of obtain- 
ing the slight corrections which still remain. 

This method has been followed in a paper printed in Vol. X of 
the Memoirs of the American Academy of Arts and Sciences on " A 
comparison of the Harvard College Observatory Catalogue of 
Stars for 1875.0 with the fundamental systems of Anwers, Safford, 
Boss and Newcomb." 



Ok the Performance of a New Form of Level invented bt 
Mr. John Clark of the U. S. Coast Survey. By William 
A. Rogers, of Cambridge, Mass. 

[abstract.] 

Experienced observers have often expressed the opinion that 
the level as ordinarily constructed cannot be regarded as an instru- 
ment of precision. It will be admitted on every hand that it is 
not made by a scientific method. In fact, the method of construc- 
tion is of the most crude kind. The maker chooses a glass cylin- 
der as uniform in thickness and density as he can obtain and pro- 
ceeds to grind an interior curve of unknown radius with an emery 
and a polishing tool. He has no means of determining the exact 
radius by observation. He is unable to test the equality of the 
curvature on each side of the centre, until after the cylinder has 
been filled with a fluid and after the ends have been hermetically 
sealed. Even then the test is only a relative one. It is of the 
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same kind as the observations which are made with the completed 
level. 

As the result of many years of experience I have reached the 
conclusion that an astronomical level can be regarded as an in- 
strument of precision, only when it is subjected to adequate tests 
during the series of observations in which it is employed. A given 
level may measure small angles with great precision, but the same 
level under different conditions may give untrustworthy results. 

Even with an instrument which has no graduated circle, an ad- 
equate level trier can be constructed by placing a graduated scale 
at a known focal distance. In the case of the Meridian Circle of 
Harvard College Observatory the level is placed in Y's attached to 
the cube of the instrument placed parallel with the optical axis. 

In order to show the necessity for repeated and continuous ob- 
servations for the determination of the value of one division of the 
level, I record here my experience with the companion level of the 
instrument known as the Russian Transit. It was made in the 
workshop of the Pulkowa Observatory. 

i began the observations about eight o'clock in the morning of 
Nov. 13, by comparing the readings of the circle with bubble first 
at the middle of the tube and then at the extreme end. Proceeding 
in this way with each five divisions in succession I was surprised to 
find, not only a continued diminution of the value of one division, 
but a well defined shifting of the zero of the level. By noon I had 
nearly completed the examination for the first half of the divisions. 
I then opened the shutters for an observation of the sun. After 
an interval of ten minutes, observations with the level were re- 
sumed when it was found that the value of one division, determined 
from the same space as before, had increased by one-fourth of its 
mean value. It will be sufficient to give in illustration the results 
of the observations on three days. 

1881 Nov. IS. Nov. 14. Nov. 15. 

Shutters closed. 1 div «1.76" Th.s=38* 1 div =1.20" Th. sx40* 1 div = 2.06" Th = 47* 
Shutters open. 1 div = 2.08 Th.s=G5* 1 div = 2.06" Th.ss70* 1 div as 1.78" Th = 56° 

In these observations the level was held in position in the Y's 
with a light spring. A second series of observations was made 
with the tube mounted as follows : At the suggestion of Mr. 
George B. Clark, oval rings of brass were fitted loosely upon the tube 
and held in position with wax. These rings were then placed in 
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Y's one end being fastened with a spring clip while the other end 
was free. A third series was made with the tube fastened directly 
to the cnbe of the telescope at its neutral points by means of a hard 
cement. The results are given below. 



SERIES I. 


SERIES II. 
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It is hardly necessary to say that this level has been discarded 
as worthless. On the other hand the mounted level furnished with 
the Russian Transit proves to be an excellent one. 

A similar test with a level invented by Mr. John Clark has given 
good results. The level tube is supported upon centres which 
are attached to a plate which revolves freely upon another plate de- 
scribed by the inventor as a " reference plate." This " reference 
plate" is attached to the cube of the telescope by three adjusting 
screws. The following are the steps of an observation. 

The telescope pointing north, the bubble is read for position east 
and position west. The telescope pointing south, the level is now 
on the under side of the cube. Revolving the tube upon its centres 
180°, the bubble is read as before. This level therefore gives not 
only the inclination of the axis, but the ellipticity of the pivots. 

This form of level is especially adapted to the easy determina- 
tion of the value of one division. I give below the results of the 
determinations thus far made. The separate results are the re- 
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suits of observations on different days. They therefore involve 
the accidental errors of observation. 



1881. Sept. 2.78" 2.71" 2.79" 2.80" 2.96" 2.87" 2.87" 3.07" 2.63" 
Oct. 2.61 2.9U 2.79 2.53 



Nov. 


2.82 


2.88 


3.11 


3.46 2.85 2. 


Dec. 


2.85 


2.96 


3.13 




. Feb. 


3.21 


2.97 


2.09 


2.77 2.99 2. 


Mar. 


2.73 


3.21 


• 




Apr. 


2.92 


2.80 


3.01 




May 


2.85 


2.93 






June 


2.87 


3.01 







Means. 
2.83" 
2.73 
2.74 

2.98 
2.87 
2.97 
2.91 
2.89 
2.94 



The steadiness of the level of the instrument is something: re- 
markable as is shown by the following separate observations 
which are here published by the permission of Professor Pickering 
the Director of the Observatory. 



1882 Feb. 


3 


B 

b = +.78 


Apr. 


3 


8 

b = +.77 


June 25 


6 = +.74 8 


<( 


5 


ft = +.81 


it 


14 


6 = +.80 


July 3 


b = +.63 


U 


14 


b = +.82 


<< 


24 


b = +.81 


" 10 


b =+.72 


U 


23 


b = +.80 


May 


1 


b = +.79 


" 31 


6 = +.61 


M 


26 


6 = +.80 


«< 


15 


b = +.75 


Aug. 16 


b = +.71 


Mar. 


5 


b = +.78 


u 


29 


b = +.72 


" 25 


b = +.68 


« 


14 


b = +.73 


June 


11 


b = +.61 


Sept. 7 


b = +.66 


« 


20 


b =+.74 


« 


19 


b = +.66 


« 25 


b =+.61 














Oct. 2 


b =+.65 



On the Arithmetic of Chords. By C. P. Hart, of TVyoming, 
Ohio. 

[AB8TRACT.] 

Ancient trigonometry, which gave birth to what is known as the 
" Arithmetic of Signs or Chords," though long superseded by the 
much more comprehensive and convenient processes and formulae 
derived from the circular functions, developed by modern trigo- 
nometry, is nevertheless of considerable practical value in some 
trigonometrical calculations, especially when the usual logarithmic 
tables do not happen to be at hand. Indeed, in the solution of 
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certain cases of plane oblique-angled triangles, the arithmetical 
solution by chords is as simple and expeditious as is that of plane 
right-angled triangles by the Pythagorian problem, from which the 
arithmetical relations were originally derived. 

The author, in developing these relations, discussed the following 
formulae, beginning with the most simple, and obtained definite ex- 
pressions for both acute and obtuse-angled plane triangles — first, 
for every fifteen degrees, and finally for all angles whatsoever, the 
latter being the equivalent of the well-known trigonometrical ex- 
pression, AC 2 = BC 9 ± 2 cos. B X BC. B A. 

FORMULAE : 

e 60°. BC 2 = AB 2 + AC 2 — AB. AC. 

6 120°. BC 2 = AB 2 + AC 2 + AB. AC. 

6 45°. BC 2 = AB 2 + AC 2 — AB. AC X j/2". 

6 135°. BC 2 = AB 2 + AC 2 + AB. AC X 1/2. 

$ 80°. BC 2 = AB 2 +AC 2 — AB.ACXyT. 

150°. BC 2 = AB 2 + AC 2 + AB. AC X l/ST 

15°. BC 2 = AB 2 + AC 2 — AB. AC X (2 + 3*) 4 . 

6 165°. BC 2 = AB 2 + AC 2 + AB. AC X (2 + 3*) 4 . 

6 75°. BC 2 = AB 2 + AC 2 — AB. AC X (2 — 3*)*. 

105°. BC 2 = AB 2 + AC 2 + AB. AC X (2 — 3*) 4 . 

GENERAL FORMULA 

For all oblique-angled plane triangles: BC 2 = AB 2 + AC 2 ± 
AB. AC X BB' (the chord of the difference between the contained 
angle and its supplement) of a circle whose radius is one. 



Circular Coordinates, and Complex Anharmonic Ratios. By 
Wm. Woolsey Johnson, of Annapolis, Maryland. 

[ABSTRACT.] 

The position ratio of a point referred to two fixed points A and 
B being defined as the ratio AP : BP, AP and BP being directed 
lines, is a complex quantity which may be written 

pe i9 =p (cos0 + 1 sin 0)=zx-\-iy 

p and 0, or x and y, may be taken as real coordinates of P ; and 
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it is shown that the loci of p = constant, = constant, a? = con- 
stant, y = constant are all circles. When B is removed to infinity, 
we have ordinary polar and rectangular coordinates. Substituting 
x for 1 — a? we have a symmetrical system of xy coordinates, in which 
it is shown that the equation of a curve is the same as that of its 
inverse in ordinary rectangular coordinates. 

P may also be determined by the ratio of its position ratio to 
that of an assumed fixed point Q not on the line A B. This is a 
complex anharmonic ratio ; when put in the form p e i0 = x -j- iy the 
loci of p = constant, etc., are still all circles. 

The anharmonic ratio is real for four points situated on the same 
circle. In particular the case of harmonic ratio is considered and 
the general construction of harmonic conjugates is given. If two 
circles cut orthogonally, harmonic conjugates on one of them with 
respect to the points of intersection are on the same diameter of 
the other, and if three circles are mutually orthogonal their inter- 
section forms three mutually conjugate pairs of points. The same 
construction determines points whose anharmonic ratio is t. 



Inverse Elliptic Functions and the Imaginary Period. By 
Wm. Woolset Johnson, of Annapolis, Md. 

[ABSTRACT.] 

The elliptic functions sn u en u dn u, with their reciprocals and 
ratios, constitute twelve elliptic functions which, according to a no- 
tation proposed by Mr. J. W. L. Glaisher, are denoted by sn, en, dn, 
ns, nc, nd, sc, sd, cs, cd, ds, dc. These may be regarded as the ra- 
tios of four quantities a, c, ri, n, of* which only the ratios are dealt 
with in homogeneous equations. The derivatives of the functions 
are expressed in this notation, and from them are deduced the 
values of the inverse functions expressed as integrals. 

From the latter the usual expressions for the direct elliptic func- 
tions of an argument of the form, i v in terms of functions to the 
modulus k' are readily derived, and these are used to deduce the 
imaginary period of the elliptic functions. 
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Conservation of Solar Energy. By Pliny Earle Chase, of 
Haverford College, Pa. 

[ABSTRACT.] 

All forms of solar energy are due to solar radiation. The 
maintenance of the energy depends on the maintenance of the 
radiations. In investigating the relations of centripetal and cen- 
trifugal action and reaction, it seems desirable to consider the 
following hypotheses and conclusions : 

1. Laplace's estimate that the velocity of transmission, in grav- 
itating acceleration, if finite, is at least 100,000,000 times as great 
as the velocity of light. 

2. Le Sage's hypothesis that gravitation and luminous radiation 
represent equal actions and reactions. 

3. Faraday's search for a gravitating constant. 

4. Herschel's comparison of the mean vis viva of light with that 
of sound. 

5. Weber's identification of the velocity of light (* A ), with the 

"electromagnetic ratio ( v ). 

6. Berthelot's " explosive waves " and their action on waves of 
sound. 

7. Siemens's inquiries into the combined influence of rotation, 
centrifugal action, gravitating fall, and chemical affinity. 

To these considerations the following may be added : 

8. If there is a natural unit of force, we may look for a natural 
unit of velocity. 

9. Oscillations may be orbital, pendulous, or wave. 

10. Different transformations of similar oscillations are harmonic. 

11. Rotation may be regarded as a pendulous motion due to re- 
tarded and modified revolution. 

12. The resemblance of Le Sage's theory to the kinetic theory 
of gases points to a probability that the natural unit of velocity is 
oscillatory. This probability is strengthened if we assume the 
existence of molecular and inter molecular elasticity. 

13. In looking to the activities of the principal mass in our sys- 
tem, for indications of a natural unit of velocity, we find that 
gravitating velocities may be represented by gt. 

14. In order that gt may be constant, t must vary inversely as <p 
and, therefore, directly as r 2 . This variation is found in the rota- 
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tion of a nebulous sphere, where it holds good for all stages of 
expansion or contraction which are not affected by external influ- 
ence. 

15. Gravitating acceleration should do its whole work in stellar 
rotation, as well as in planetary revolution. 

16. Particles exposed to solar superficial gravitating acceleration 
during a single oscillation of half-rotation, would acquire a constant 
velocity which is equivalent to the velocity of light. If we desig- 
nate this velocity by v we have v z=.gt= v k as a gravitating con- 
stant, which gives the following extension to Weber's analogy ;• 
v = v z=V . In other words, the unit of velocity which is indicated 

by solar rotation, is the same as is indicated by light and by elec- 
tricity. 

17. The velocity of light, like the velocity of sound, thus repre- 
sents an elastic atmosphere whose height, if homogeneous, would 
be twice the virtual fall which would give the velocity in question, 
and whose elasticity is in harmonic accordance with solar rotation 
and planetary revolution. 

18. Subsidence, from Laplace's limit of synchronous rotation 
and revolution to the poles, gives a mechanical equivalent of 
76,000,000 J for each pound of subsiding matter. The spiral char- 
acter of the subsidence produces solenoidal currents which may 
help to explain the equality of r A , r e and v . 



Correction of a Problem in " The System of the World " by 
Sir Isaac Newton. By De Volson Wood, of Hoboken, N. J. 

[ABSTRACT.] 

It is stated u that two spheres of the same material as the earth, 
each one foot in diameter, placed in void space, J of an inch from 
each other, would not come together by the force of their mutual 
attraction in less than a month's time." 

I find that they would come together in 385 seconds, or in less 
than 6£ minutes. 1 

1 Some eminent scholars are of the opinion that the above named work was not 
written by Sir Isaac Newton, although his name is on the title page. 
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Ok an Experimental Solution of a Problem in the Doctrine 
of Chances. By T. C. Mendenhall, of Columbus, Ohio. 

[ABSTRACT.] 

At the meeting of the Association in 1879, the author had com- 
municated a note upon a problem in chances attributed to Buffon, 
which contained the results of 12,000 trials. The problem is : If" 
a thin stick of given length be thrown at random upon a plane 
surface covered with a system of equidistant parallel lines, what 
is the probability that it will lie across one of them ? In the Pro- 
ceedings of the Association for that year, a description of the ap- 
paratus and mode of making the experiment will be found. 

This series of 12,000 trials was made by different individuals, 
and the author had resolved to carry out a more extended series 
alone in order to avoid a " mixing" of personal equations, if such 
should be found to exist. The number of trials made was 20,000. 
No reductions were made until the entire series was completed. At 
the meeting of the Association in 1881, the author had communi- 
cated the results of a reduction of about half of the total number 
of experiments and the results of the complete reduction were now 
placed before the Section. The theoretical probability involved 
as one of its factors rc, the ratio of the circumference to the di- 
ameter of a circle. It was therefore possible to obtain a value of 
this constant from an experimental solution of the problem. The 
results of the reduction were, for convenience, put in this form show- 
ing the value of n at various stages of the experiment. 

Reductions were made at the end of every one hundred throws 
thus giving two hundred values of this constant. 

A chart was shown upon which these values were plotted together 
with a straight line drawn to show the true value. 

The experimental curve for a time fluctuated above and below 
this line crossing it nine times. At the end of 7200 throws the 
experimental value approximates very closely to the true value. 
After 7900 it rises above the true value to which it does not again 
return. From this point until the end it gradually departs, with 
more or less irregularity, from the true value, and with a tendency 
apparently towards a constant value somewhat too great. 
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The final value of r is 3.180, a point which is almost constantly 
held during the last two thousand trials. This result seems to in- 
dicate something of the nature of a " personal equation " or bias. 
The only explanation for it seems to exist in the decision of doubt- 
ful cases. All cases were decided, no doubtful opes being recorded 
as such. The deviation from the theoretical law might be accounted 
for by supposing that in settling the doubtful cases there was an 
unconscious tendency to favor one side. 



Bell Attachment for Telescope Circles. By Henry M. Park- 
hurst, of New York, N. Y. 

[ABSTRACT.] 

The bell is attached to the circles, and so arranged as to indicate 
when the telescope passes a designated right ascension or declina- 
tion. The plan for a right ascension circle is described in the Sci- 
ence Observer. I have now constructed one for the declination 
circle, which I have here, together with photographs of the whole. 

The main point is the mode of avoiding the uncertainty of posi- 
tion of the striking. A compound lever is so arranged that which- 
ever way the telescope is moved, the acting portion of the lever 
will stand at an angle of 45°, resting upon and drawn over an arc, 
falling into depressions in that arc, causing the bell to sound when 
passing the centre of the depression, and consequently always at 
the same position. 

The method proposed allows two strokes to come within 1° of 
each other, so that in sweeping in either direction the stroke will 
come exactly at the right point. 
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The Twenty-three inch Telescope op the Halsted Observa- 
tory at Princeton. By C. A. Young, of Princeton, N. J. . ' 

This instrument, which has been erected in the Halsted Obser- 
vatory at Princeton within the last few months, was made by Alvan 
Clark & Sons, of Cam >n geport, Mass. The contract, bearing date 
March 3, 1880, and \ 'o, iding that the telescope should be com- 
pleted within two yea s after the receipt of the disks r f glass from 
the makers, has been carried out fully and p romp try in all respec 

The disks were cast by Feil of Paris ; on of thein (the flint) . 
on exhibition at the Philadelphia centennial. 

The material is unusually excellent, almost perfectly free fro 
air-bubbles and striae, and much more transparent than the disks 
(by Chance) used in the construction of the object glasses of the 
Washington and McCormick telescopes. 

The clear aperture of the lens is twenty-three inches, and the 
curves are approximately as follows, according to data furnished 
by the makers : 

Crown, radius of outside surface + 265.8 inches 
" " inner —81.9 " 

Flint " " surface next crown — 73.4 u 

44 " " " focus + 222.2 " 

The + sign denotes that the centre of curvature is on the side 
of the lens next the eye, the crown being a double convex lens, 
with the external surface nearly flat, while the flint is a double con- 
cave, with the flatter surface next the eye. 

The thickness of the crown lens is 1.35 inches 

" " flint " " 0.62 " 

The distance between the lenses is 7.61. 

The effective focus of the lens, obtained by observing star tran- 
sits over a scale ruled on glass, has been found to be 361.26 inches. 
This is nearly a foot greater than the distance from the outside 
surface of the object glass to the focus, showing that the node- 
punkt is some distance in front of the lens and not between the two 
glasses. 

The definition is admirable, the corrections both for spherical 
and chromatic aberration being excellent. The " color-curve" ob- 
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tained by spectroscopic observation is substantially the same as 
that of Fraunhofer's glasses: — not quite so good as that or the 
Gauss object glass. The extreme range of focus between H and 
E amounts to just two inches. 

Tile separation of the lenses effectual' - prevents the formation 
of any "ghosts" by reflection from the s ftf^es, and as the space 
between the lenses can easily be throwr jp hi to the external air 



by removing the shutters which close the openings in the cell, the 
glass assumes the temperature of the external air very promptly. 
Another advantage gained is in making the aperture of the lens 
half an inch larger than it otherwise could be with the flint disk 
of given size. 

There has not yet been time to test the telescope very thoroughly 
by actual work, but on one or two nights of good seeing, such double 
stars as^Delphini, and C Sagittte have been satisfactorily resolved ; 

A. A. A. 8., VOL. XXXI. 8 
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and Mimas, the smallest of Saturn's satellites, has been seen not 
only at elongation, but very near conjunction also. 

The mounting presents very few new features. It is simple and 
solid, considerably heavier, and better planned with respect to vi- 
brations, than that of the Washington telescope. 

The tube is cigar-shaped, of steel about ^ of an inch thick. 

At the lower end a heavy brass tube, nearly six feet long and 
seven inches in diameter, projects about two feet, and can be moved 
in and out over a range of two feet by a steel screw an inch in 
diameter which is concealed in the lower section of the steel tube 
between Hand the brass tube. The screw acts upon a nut attached 
to the brass tube, and one revolution of the hand wheel, which turns 
the screw, slides the brass tube -^j of an inch. At the end of the 
brass tube the tail-piece proper screws on, for carrying the 
micrometer, or eyepieces. 

The diameter of the steel tube where it is attached to the decli- 
nation axis is thirty inches. From the declination axis to the object- 
glass extremity is sixteen feet six inches : to the lower extremity 
of the steel tube, ten feet nine inches, and here the diameter is 
twenty inches. 

The total length of the right ascension axis is about nine and 
one-half feet. Its diameter at the lower bearing is six inches ; at 
the upper, eight inches where it rests on friction rollers. There are 
two hour-circles. One, at the upper end of the axis, thirty inches 
in diameter, carries a coarse graduation both on the face and edge. 
There are three pointers, so that by means of one or other of the 
three, the circle can be read from any point in the room. 

The line circle, twenty-eight inches in diameter, is at the lower 
end of the axis, and is read to single seconds of time by two op- 
posite verniers, which are easily accessible from a platform upon 
the pier. 

The declination axis is nine feet long ; seven inches in diameter 
at the bearing nearest the telescope, and five and one-half at the 
other bearing. The declination circle, thirty inches in diameter, 
is at the end of the axis next the telescope. It carries a fine grad- 
uation (to 10' of arc) on the face next the telescope, and a 
coarse graduation on the edge. The coarse reading is by means 
of a simple pointer, and is easily made from the floor, to within 
10', — quite accurately enough to bring any object into the finder. 

The fine graduation is read by means of two long microscopes 
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which come down to the eye end. The telescope tube carries two 
indices, each consisting simply of a fine line like the zero line of 
a vernier, and the micrometer at the eye end of the microscope 
gives the means of measuring the distance between this zero line 
and the nearest graduation mark ; so that the accuracy of the read- 
ing is independent of the stability of the long microscopes. The 
reading is directly to 10", and by estimation to single seconds. 

The field of view of the microscope covers about 2£° of the 
graduation, and each degree is numbered. The illumination of the 
scale is on the principle of the colli mating eyepiece, and is so excel- 
lent that the reading is very easy and accurate. 

The clamps and tangent screws of both the right ascension and 
declination movements are managed from the eye end : the former 
by endless cords, the latter by Hooke's joint-handles. 

There is an excellent apparatus for rapid motion in right as- 
cension, by which the instrument can be reversed in less than half 
a minute. 

The clockwork is very powerful, driven by a weight of about 
three hundred pounds with a fall of twelve feet in two hours. The 
regulator is on the same principle as that used by the Clarks on 
their chronographs, differing only in this respect that it is made 
very heavy (weighing over twenty pounds) and the weight is taken 
off the lower pivot of the vertical shaft by floating it in mercury. 
It runs very steadily, but seems to be somewhat affected by changes 
in temperature. 

The instrument has two finders, one of five, the other of two 
inches diameter. 

The tail piece of the telescope and of the five inch finder are both 
of the same size as that of the tail piece of the 9£ inch equatorial, 
of the School of Science Observatory, so that all the eyepieces and 
minor apparatus belonging to either instrument can be used on any 
one of the three. 

The sliding tubes of all the tail pieces are graduated, a great 
convenience in setting spectroscopic and other apparatus to focus. 

The instrument is provided with a filar position micrometer, 
fitted with Burnham's illuminating apparatus. 

It has also a double image micrometer, and a square-bar microm- 
eter for comet observations. There is a large helioscope with 
polarizing reflectors, and an ordinary Herschel solar-eyepiece for 
the finder. 
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A very large and powerful direct-vision spectroscope by Hilger 
of London has been provided for stellar work. 

It is upon the same plan as the Greenwich spectroscope (except 
that it is a little larger), containing three so-called " half prisms," 
and was constructed under the kind personal superintendence of 
Mr. Christie, the present Astronomer Royal, who first devised this 
peculiar form of prism. The spectroscope collimator is 2£ inches 
aperture and 38 inches long. The view-telescope has the same ap- 
erture, but its focal length is much less. The instrument is over 
six feet long, and weighs about 150 lbs. with its appendages. 

The, telescope with its mounting weighs a little more than seven 
tons. It stands upon the top of a heavy stone pier of Quincy 
granite, the upper surface of which is 14 feet above the floor. The 
centre of motion of the telescope (at the intersection of the Right 
Ascension and Declination axes) is 20 feet, 6 inches above the floor. 

The dome under which it is erected is of iron, 39 feet in 
internal diameter. It was built some fifteen years ago, and is not 
just what would be constructed now for the same purpose, requiring 
a good deal more power to turn it around, and to manage the shut- 
ter, than is the case with some built more recently : — the Vienna 
dome, for instance. All difficulties, however, have been over- 
come by placing a four-horse power gas-engine in the basement and 
making it do the work by means of proper gearing. It is possible 
to raise the shutter, turn the dome to any part of the sky, and 
have the telescope pointed upon any designated object within five 
minutes after entering the building — this includes the time re- 
quired for starting the engine. The same engine drives a small 
Edison dynamo-machine, which supplies electric light to all parts 
of the building, and furnishes electric currents for spectroscopic 
work. 

The cost of the telescope and spectroscope was $26,000, sub- 
scribed by friends of the College of New Jersey ; Robert Bonner, of 
N. Y., R. L. Stuart, and the trustees of the John C. Green estate 
being the largest contributors. 
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On the Law of Distribution for certain Plant-Numbers. By 
James Edward Oliver, of Cornell University, Ithaca, N. Y. 

[abstract.] 

The dimensions of any part of a plant ; and also the number of 
flowers to a spike, of rays to a head in Composite, etc., when vari- 
able ; have, each of them, for each species, under any given circum- 
stances, some mean value ; and I investigate, in a few typical cases, 
the law whereby those values of the number in question which are 
above or below the mean value are distributed. 

I find that the number of flowers to the spike follows a law 
of distribution that differs but little from the normal law of dis- 
tribution of errors of observation : i. e., any value x has a frequency 
nearly proportional to the antilogarithm of — -4a? 2 db Bx 2 — Ca5 4 ± 
etc., wherein A, C are positive and the series convergent ; as if 
the plant-number's deviation from the mean value were a sum of 
many small but sensible numbers having ambiguous signs indepen- 
dent of one another but dependent upon accidents of environment, 
ancestral history, etc. 

I get a similar result concerning the logarithm of the length of a 
grass-head : indicating that the ratio of the length to a mean value 
is a product of many factors, each factor being a little more or 
less than unity as accident has determined independently of the 
others. 

In the case of one Composita (Leucanthemum vulgare) I find 
that the distribution of the ray-numbers is strongly influenced by 
the "phyllotactic numbers" 13, 21, 34, . . . ; and this influence 
presumably combines with that of the above-mentioned law in such 
wise that, whenever the conditions are approximately uniform, the 
probability of the occurrence of a given ray-number shall differ but 
little from the product of the probability got as above, into a func- 
tion of the ray-number's position in a cycle whose zero-points are 
the phyllotactic numbers. My observations, however, are too few 
to settle this point at present. The smaller phyllotactic numbers, 
3, 5, 8, are less influential than the doubles 6, 10. 

I regard the investigation as only preliminary, requiring far more 
varied observations to complete it ; but I offer it in the hope that 
it may set other observers at work in the same direction. 
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A Method of Finding the Law of Linear Elasticity in a 
Metal. By James Edward Oliver, of Cornell University, 
Ithaca, N. Y. 

[ABSTRACT.] 

Assuming that the different strength of cast iron (for instance) 
for tension and for compression should be accompanied by a corres- 
ponding difference as to elasticity, due to the occurrence of even 
powers in the formula 

Compressive stress = A . strain -f- B . strain 3 -|~ C . strain 3 -f- etc., 
I get the first two or three coefficients from experiments on the 
deflection of a triangular bar resting alternately on its edge and on 
its face. 



A Method of Eliminating the Personal Equation in Transit 
Observations. By J. Burkitt Webb, of Cornell University, 
Ithaca, N. Y. 

[ABSTRACT.] 

If, during the transit, the movable wire of a micrometer could 
be made to move over the field at the same velocity as the star 
and if it could at the same time be made to bisect the latter, then 
a simultaneous observation of time and the position of the wire 
would furnish a transit observation unaffected by personal equation ; 
we may express this otherwise by supposing the personal equation 
to be divided by infinity. 

It would be difficult to carry this out in practice, but if, instead 
of dividing by infinity, we are content with a moderately large 
number, there would seem to be no great difficulty in thus reducing 
the personal equation to an inappreciable quantity. 

In considering what would be necessary to effect this result 
there are two paths : we must either admit the usual imperfections 
of such apparatus and plan the mechanism in accordance there- 
with, or we must attempt to eliminate or control them. 

An apparatus constructed in accordance with the first of these 
methods has already been proposed by Prof. C. A. Young, and as 
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it is exceedingly well contrived for giving a result free from error 
we will notice the main features of it. In this method the ordinary 
micrometer remains untouched and another horizontal slide, carry- 
ing a vertical wire, is made to move over the field by clock-work. 
To effect this properly a second or vertical slide is introduced (at 
right angles to the former) and upon it is fixed an adjustable 
incline, in contact with which the horizontal slide is kept by a 
spring. This vertical slide is driven by the clock with a velocity 
a certain per cent greater than that of an equatorial star, and the 
incline being set at an angle therewith, whose tangent equals the 
cosine of the declination, the vertical wire will move the same 
per cent faster than any other star, and will therefore creep slowly 
over the same. At the moment of bisection the key of the 
chronograph is pressed, and the current not only records the time 
but clamps the moving slide fast in its position, which is then 
determined by the ordinary micrometer. This being done the 
slide is released and springs up against the incline ; the wire is 
now ahead of the star, but if the connection between the screw 
and the clock be made l)3 r means of a friction collar, the former 
can then be adjusted independently until the wire is again behind 
the star and ready for another observation. It is evident that 
this method would be affected by only the before-mentioned per- 
centage of personal equation. 

If the second method is chosen we might proceed as follows :— 
dispense with the ordinary micrometer and substitute therefor one 
of different construction. This micrometer should have a V- 
threaded screw as nearly perfect as possible, and it should run in 
two journals, one of which should be cylindrical and the other a 
V screw thread of zero pitch — L e., a grooved journal. The nut 
should be long and should embrace the screw through 90° only ; it 
should be cut away except at its four corners, so that it would 
stand on the screw as by four legs. A single spring giving a thrust 
at right angles to the screw would now suffice to hold the nut 
against the screw and the latter in its journals. Such a screw 
would have no back-lash, and a moderate amount of wear would 
introduce no error in the position of the nut. The frame for 
holding the movable wire should be a simple extension of this nut, 
and would not slide in guides, the spring being so applied to the 
nut as to prevent its revolving about the screw axis. The screw 
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would carry the usual graduated head provided with an arrange- 
ment, by which its position could be registered (on a strip of 
paper) without stopping it. If this micrometer could be so 
accurately made that the reading could always be depended on for 
the position of the wire, this method could be made a success, and 
this reading could be at any time and often tested by means of 
the fixed wires of the reticule. A uniform motion could be 
supplied to the apparatus in various wa} r s — it could be obtained 
from the chronograph by means of an interrupted current, made 
to drive a small electro-magnetic engine on the eye end of the 
transit. To reduce the motion for declination, a uniformly revolv- 
ing sphere could be made to drive, by friction, a wheel so adjusted 
as to be in contact with a small circle of the same declination as 
the star, — a device which has already been proposed. A simpler 
method would be to cause one cylindrical surface to drive another 
by friction and to place the axis of the second at the declination 
angle with the first. With only the friction of the micrometer 
screw to overcome, either method might give good results. In 
order further to allow of single observations succeeding each other 
rapidly during a transit, the current which records the time and 
micrometer position should also check the latter until the star is 
again ahead of the wire, when the release of the key should start 
it again for another observation. A better way might be to have a 
separate key by which the motion could be altered from a certain 
per cent faster to about the same per cent slower than the star, 
so that the wire could be made to oscillate slowly over it. As the 
number of single observations during a transit would be at least 
equal to the usual number, an intercomparison might give a 
reliable value for the weight of the whole. The addition of an 
arrangement for reversing the motion when the telescope was 
reversed in its Ys would furnish the means of determining the 
error of the micrometer zero, i. e., of collimation, and make this 
equally complete with the ordinary method. 
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Note on a New Method of graphically expressing any 
Cyclical Fact in Meteorology. By W. E. Hamilton 1 , of 
Chatham, Ontario. 

(1) Definition: — By a cyclical fact, I mean, the fact of the 
continuous recurrence of certain quantities, in the same order, and 
separated by the same intervals of time. 

(2) Illustrations: — The average lengths of sunlight for the 
successive months of the year give an illustration of quantities 

Fig. l. 




Polar Coordinates. Invariable shape for any scale. Month =30*. 

which would reproduce themselves in the manner above described. 
Any monthly averages, deduced by statistical enquiry, such as the 
amounts of immigration in the consecutive months, for a given 
port, so far as they are assumed to be permanent and not accidental 
averages, would form a cycle of the kind referred to. The cycle 
which is graphically illustrated in the accompanying diagrams, is 
the averages of temperature for the months of the year, in the 
Province of Ontario, as given in the Encyclopedia Britannica 
(Fig, 1). So far as the observations go, on which the cycle is 

> Editor of the late Sir W. R. Hamilton's Elements of Quaternions. 
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based, it is assumed that the average monthly temperatures will 
recur continuously, for Ontario, from year to year, and we there- 
fore have a cycle falling within the definition (1). 

(3) Problem :— To express this sequence of averages graphic- 
ally. It may be conceded, without argument, that no reason exists 
for going into three dimensions of space, and that, therefore, our 
diagram should be contained within a plane. 

(4) Old Solution : — The old and usual method is to represent 
the element of time by an assumed arbitrary base, on which the 
intervals of months are represented, by arbitrary but equal spaces, 
separating the consecutive ordinates, proportional to the average 

temperatures, which are plotted 
on an arbitrary scale, bearing 
no definite relation to the arbi- 
trary scale of months (Fig. 2). 
The summits of these temper- 
ature-ordi nates are connected 
by right lines, and the unclosed 
rectilinear figure so constructed 
represents the closed and self- 
repeating cycle of temperatures. 
Temporal sequence is indicated 
by progression from left to right 
as shown by an arrow to point 
out the annual motion of the 
temperature-point. The aver- 
age for the whole year is repre- 
sented by a right line parallel 
to the base. 
There are two objections to this method : — 
(a) The visible continuity of the C3 r cle cannot be shown, since 

the middle of the initial January and that of the January of the 

next } r ear, are separated as the two most distant ordinates of the 

series. 

(/5) The broken line of temperatures has no invariable shape, 

but varies according to the ratio of the arbitrary vertical to the 

arbitrary horizontal scale. 

(5) New Solution .v-In my method I use polar instead of rect- 
angular coordinates. I take a circle with an initial diameter to 
represent January, and successive months are separated by angles 
of thirty degrees from each other. On these radii, the temperatures 




Ordinary method. Rectangular Coordi- 
nates. Arbitrary. Same scale as Fig. 1. 
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are plotted in their proper proportions, so that the next January 
temperature-radius coincides with the initial one, in length and di- 
rection. The ends of the radii are connected by right lines, and 
the polygon, so formed by their terminal points, represents the 
monthly average temperature-cycle for the year, and is visibly a 
cjx'le to the eye, while the polygon, as the simplest consideration 
of similar triangles will show, is of invariable shape, no matter to 
what scale the temperatures may be plotted. In fact, by the 
adoption of polar coordinates, and the consequent constancy of 
the angular symbol for the interval of a month, only one variable 
is introduced, namety, the scale of the temperature-radii. It will 
thus be seen that the cycle of time is patent to the eye, as a geo- 
metrical cycle of invariable shape, and that thus the objections (a) 
and (£) do not apply to the new method, in which, of course, the 
annual average is a circle with the origin of polar coordinates for 
centre, and a radius equal to the annual average on the assumed 
temperature-scale. It may be added here, that for popular illus- 
tration, the months are assumed of equal length, but that of course, 
in thickness, the month-angles should be proportioned to the slightly 
varying lengths of the months. It would be interesting did space 
permit, to trace the trigonometrical formulae connecting the inter- 
nal angles of the temperature-polygon, with the lengths of the 
temperature radii. The temperature-points might also be connected 
not by right lines, but by the curve of most probable curvature, 
which would have its evolute and other attributes of geometrical 
form, unchangeable in. shape by alteration of the scale of temper- 
atures. The motion of the temperature-point, in my method, is 
supposed to be from left to right, passing through the upper part 
of the figure as the spectator faces it, or in other words, the point 
begins to move away from the reader's body, and not toward it, 
when the diagram isjextended before him. For monthly average 
temperatures in the extreme north, which may fall below zero, it 
is necessaiy, in order to avoid confusion, to take a sufficiently low 
temperature, say — 30 for the origin of the scale of radii. In my 
diagrams, I assume zero of Fahrenheit, as the origin. Some minor 
but not utterly despicable advantages of the new method may be 
added. The antipode, in the annual cycle, of any given month, 
is pictured by a diametrically opposite point. The facts of Janu- 
ary and July being, roughly speaking, the minimum and maximum, 
and the approximate equality of the fall and spring temperatures, 
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are patent to the scrutineer of the diagram, as is the approximate 
diametral opposition of the intersections of the circle of annual 
mean temperature with the polygon of monthly means. 

(6) I submitted my method, now published for the first time, 
but invented more than thirteen years ago, to Prof. Kingston of 
Toronto, who highly approved of it, while Prof. Tait of Edinburgh 
thought that it was virtually anticipated by the Hodograph of my 
father, the late Sir W. R. Hamilton of Dublin. It is difficult in 
these days of general intellectual ferment to ensure priority of in- 
vention, where the energies of so many minds are converging on 
the same problems, and should the system have been anticipated, 
I can only give the right hand of greeting to my rival whoever he 
may be. In conclusion, I may be allowed to add that I have tried 
to make the explanation as full and simple as I possibly could, 
knowing that while a single sentence might be sufficient to give 
the key to the mathematical reader, there are many others deeply 
interested in meteorology, who would find difficulty in following a 
curt geometrical abstract of the system. 

Note. — To exhibit the recurrence of the cycle, in the usual 
method the ordinate for January should be repeated to the right 
hand of the December ordinate as the representative of the mean 
Jan., temperature of the following year. These ordinates are re- 
placed in my method by one and the same radius. 
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Suggestions on the nature of comets, in connection with 
recent astronomical and electrical discoveries. by 
P. H. Van der Weyde, of New York, N. Y. 

Scheme for observing the great eclipse of Mat, 1883. By 
Charles H. Rockwell, of Tarrytown, N. Y. 
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Members of the Section: — 

Notwithstanding the many changes which have been wrought 
in the internal machinery of this Association by the new organi- 
zation which it has put on within the past two years, and under 
which it now begins a sort of new life, the rule requiring an ad- 
dress from a Vice President has survived, and this rule will itself, 
I trust, render it unnecessary for me, to make further apology for 
asking your attention briefly on this occasion. 

Although this duty still lies before one who may be honored by 
an election to this position, yet, happily at least in the present 
instance, it carries with it much less responsibility under the new 
organization than under the old. The chairman of this section is . 
no longer one of two, but one of nearly a half score. A Vice 
President is no longer expected to marshall the deeds done by 
half the world of Science during the past year and make them 
pass in orderly procession before his hearers. 

We have, in fact, been shorn of even our alphabetical su- 
premacy, an appeal to which was a last resort in friendly contests 
with our young and vigorous rivals of the other side. Out of 
respect for sciences as old as science itself we have freely accorded 
the first rank, as far as a designating letter may be able to imply 
it, to our veteran co-laborers the mathematicians and astrono- 
mers. 

(127) 
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As re-organizers and constitution builders we may draw lines 
and carve out areas for which we have little respect as students of 
science, and no arbitrary classification can diminish the strength 
of the ties which bind us to Astronomy, into whose treasure-vaults 
we are constantly pouring rich contributions, and Mathematics, 
upon whose varied and wonderful resources we are obliged to 
draw for almost every important advance we make. 

Indeed this separation of Physics from Astronomy and Mathe- 
matics as well as from Chemistry, Mechanics, etc., must be re- 
garded as temporarily convenient for the purpose of specializing 
the powers of the Association. 

Our sympathies, our traditions and, more than all, the constantly 
overlapping, intermingling currents of thought with which we are 
all concerned, give us the assurance that the old section, A, must 
continue to exist ; not weaker, but stronger as a result of the 
digitation which has taken place, just as the fingers unite to make 
the hand more powerful, more cunning and more useful. 

Setting out as we are upon a new and, I believe, a more efficient 
scheme of work, I will venture to ask the attention of this Section 
to a subject which may, at first, seem to many to be not quite fit 
and appropriate to be presented to such a body as this. 

I find my justification, however, in the broad title which the 
general Association bears, as well as in the events of its past 
history. This is an Association for the Advancement of Science. 
The forces which have to do with aiding or retarding this advance- 
ment are so various that we are in danger of losing sight of some 
of them. 

We are mistaken if we suppose that science is advanced only 
through contributions which are the result of original research in 
our laboratories and libraries. Even if so narrow a view be taken, 
it will be admitted that the talent for research is fostered and en- 
couraged, if not, indeed, created by an atmosphere of recognition 
and appreciation. The existence of such an atmosphere is in 
itself a blessing and its production is certainly worthy of our 
highest efforts. 

To this end it is desirable and necessary to bring about a more 
general diffusion of accurate knowledge concerning the elementary 
principles and propositions of the science of physics, as well as 
some degree of familiarity with the methods of physical investi- 
gation. I do not refer, of course, to the demands or the necessities 
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of those who expect to undergo a course of training for the pur- 
pose of becoming themselves physicists ; but rather to the dif- 
fusion of this knowledge among the masses of educated people 
in general. 

That this diffusion is not taking place to any great extent and 
will not, according to natural laws alone, is patent to any observ- 
ing pl^sicist, who cannot fail to have come in contact with pre- 
vailing and pernicious errors, which often carry the weight of 
repetition, and now and then of recognized authority. 

I am aware that this is not an association of educators, and that 
pedagogics is not, as yet, one of the sciences specifically indicated 
as worthy of advancement at our hands ; but if the growth of a 
tree is to be made healthy and permanent it is not safe to neglect 
the soil into which its roots penetrate. Train it and prune it as 
you will, to grow into vigor and strength it must spring from a 
rich and generous earth which, though beneath it and below it, 
must be in harmony with it in order to supply the proper and 
necessary materials for its sustenance. 

It seems, therefore, not improper to raise the question, what can 
this Association do, or, more specifically, what can this section do 
to increase the efficiency of instruction in physics ? 

I do this the more willingly for the reason that a considerable 
majority of the members of the Section are engaged in this in- 
struction during the greater portion of the year. In America a 
few only are privileged to devote themselves to original research. 
Here instruction and investigation, to a great extent, go hand in 
hand, and it is generally admitted that it is better so. The teacher 
does not reach his greatest efficiency, indeed he must fail com- 
pletely unless he continues a student, not of the works of men 
alone but of Nature herself. On the other hand, some of the best 
and most fruitful inspirations of the investigator spring from his 
contact with those to whom, he is communicating the finished pro- 
ducts of his work. The history of science goes to show that many, 
perhaps most of those who have contributed to its advancement, 
have been great teachers. We neglect our duty, then, when we 
fail to give attention at proper times and under proper circum- 
stances to the improvement of methods of instruction. 

Perhaps in no other department of science has a greater change 
in these methods been wrought during the last ten years than in 
Physics. And yet this change has been going on in an irregular, 
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unmethodical sort of a way. There has been little or no concerted 
action among those interested and engaged in the work. Although 
all have had practically the same end in view, each individual has, 
in the main, worked out his own solution of the problem in accord- 
ance with his own views, modified and often largely controlled by 
the conditions and restrictions to which he was subjected. 

It is not surprising, therefore, that results attained should In 
many cases be widely different and, on the whole, not entirely 
satisfactory. 

In this new instruction many things have been attempted that 
could not be, and some things that ought not to be, accomplished. 
That over-burdened and somewhat obnoxious word practical has 
found a place in our vocabulary and we hear much of practical 
instruction in physics, whatever that may mean. 

The subject, considered as a whole, naturally divides itself into 
two parts, pertaining respectively to higher instruction and ele- 
mentary instruction : instruction in the colleges and instruction 
in the schools. Let us briefly consider each of these. 

In referring to higher or collegiate instruction, it will be re- 
membered that I do not include that of the post-graduate course 
in the University, properly so called, for which laboratories for 
research are equipped and maintained, and to which students are 
admitted only when thoroughly prepared by previous training. 
Fortunately for American students a few such courses in physics 
are now open in this country and it goes without saying that those 
who are conducting them do not need advice from us. It is for 
the large class of under- graduates who pursue the study of physics 
for a greater or less time that we may be concerned. 

Contemporary with the recognition of the possibility of greatly 
improved methods of instruction, was the recognition of the value 
of the more thorough study of physics as an element in what is 
called a liberal education. 

These were alike the results of the tremendous strides made by 
physical science, beginning twenty-five or thirty years ago. Grand 
and beautiful generalizations commanded the admiration of men 
skilled in other departments of human knowledge, and equally 
wonderful applications of principles to practice, touched our every 
day existence upon so many sides, as to draw forth applause from 
the millions who are without the "inner court." Physics thus 
found or forced its way upon the college curriculum to an extent 
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much greater than had previously been thought possible or desir- 
able. 

A few keen-sighted men, combining in themselves, happily, the 
student and the teacher, recognized the fact that thorough instruc- 
tion in physics implied and demanded the use of laboratory meth- 
ods, such as had been utilized for some years in chemistry and 
were rapidly coming into prominence in every other department 
of natural science. 

Among these was, notably, Professor Pickering, whose estab- 
lishment of a working, physical laboratory for purposes of in- 
struction in the Institute of Technology at Boston, must be regarded 
as an epoch in the history of this progress ; and with this, also, 
might be linked, although following at a little later date, the widely 
known establishment made by Professor Mayer at Hoboken. 

These were quickly followed by others in the East and in the 
West, and at the present time there are many institutions of 
learning in which the laboratory methods of instruction are in 
use and whose equipment includes a so-called physical laboratory. 

To all interested in the study of the present condition of this 
work I would especially recommend the very valuable Report on 
the Teaching of Chemistry and Physics in the United States, pre- 
pared by Professor Clarke of the University of Cincinnati, and is- 
sued about a year ago by the Bureau of Education. This Report 
is full of facts of great value and doubtless fairly represents the 
relative standing of collegiate instruction in these two important 
subjects at the present time. 

Professor Clarke has classified the various courses of instruction 
in physics as follows : — 

1st. Full course, including higher mathematical physics, ad- 
vanced laboratory work and research. 

2nd. Full course, with mathematical physics and elementary 
laboratory work. 

3rd. Course in general physics, involving a previous knowledge 
of trigonometry and including laboratory work. 

The other courses, up to ten in number, are elementary in their 
character, and do not concern the present investigation. 

The report contains statistics gathered from nearly four hun- 
dred universities and colleges, agricultural colleges and scientific 
schools. In nearly all of these the study of physics is pursued 
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to a greater or less extent, although it appears that in some in- 
stances no report upon physics was forthcoming on account of 
ignorance as to what was meant by the word. Out of the whole 
number there were thirty-three institutions in which the instruction 
in physics fell within the limits established above. Of these there 
were four of the first rank, two of the second, and twenty-seven 
of the third. 

In chemistry, however, laboratory instruction is to be found in 
at least one hundred and fifty institutions, the opportunities for 
instruction in this subject, thus outnumbering those offered for 
similar instruction in physics in about tlie ratio of five to one. 
But it will be remembered that in this contest chemistry has many 
things in its favor, and that physics is handicapped by the great 
cost, relatively, of the first establishment as well as by the lack 
of well defined and systematic courses of instruction. 

Taking it as a whole it will be admitted that there has been a 
rapid, and, I believe, a permanent growth, and that the work has 
already become so extensive that it appears to be worth while to 
subject it to criticism and to determine by conference and consul- 
tation what improvements, if any, might be suggested. 

Admitting the necessity of the laboratory as a means of in- 
struction in physics, two important questions present themselves : 
first, of the total amount of time given to the subject, what pro- 
portion should be spent in the laboratory? and second, what should 
be the character of the work done there ? 

I shall not undertake to answer these questions, but will sub- 
mit one or two conclusions which have been thrust upon me by 
observation and experience. 

Concerning the first, something ought to be said. It will be 
remembered that the new instruction began at a time which was 
characterized not only by unusual scientific activity, but as well by 
what almost amounted to a revolution in educational processes. 
A great teacher had told us that we studied Nature in books, and 
when we met her face to face she passed unrecognized. There 
sprang up a new method, the essence of which was that the mys- 
teries of nature could not be known at second-hand ; that a knowl- 
edge of things could only be obtained by a contact with things 
themselves. The use of the text-book fell into disrepute and the 
student was encouraged to become his own authority. It was as 
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if all men were to cast aside their maps, globes, histories, books 
of travel, etc., and start out to obtain a knowledge of the world 
by visiting its different portions. 

But it was soon found that many never succeeded in getting 
far away from home. It is true that there were those who, un- 
trammelled by tradition, precedent or authority, made bold excur- 
sions into the regions of the unknown and returned richly laden 
with spoils, but these were the few ; the many were found to re- 
quire guidance and support for some time before they became able 
to carry on explorations on their own account. 

The underlying principle of the new method was correct and 
must survive, but it was a mistake to give it universal and unre- 
stricted application. The earlier and indeed much of the later 
instruction in physical laboratories was tinctured with this error. 

By many we were advised that the proper course to pursue was 
to put into the hands of the student who, in many instances, had 
little or no previous knowledge of the subject, a few pieces of 
simple apparatus and expect him to rediscover for himself princi- 
ples of physical science which although now commonplace, were 
at one time as completely surrounded by difficulties to the human 
mind as are now, for instance, the principles of the dissipation of 
energy and the vortex theory of atoms. 

The result of the crude experiments of the student was often 
to disprove the law which he was expected to establish ; for he 
lacked that knowledge and training which would enable him to 
take into consideration the influence of secondary causes and con- 
ditions and to determine or properly interpret the errors of exper- 
iment. Something was gained, it is true, in the way of famil- 
iarity wilh the methods of manipulation, but very little in the ac- 
quisition of real knowledge. 

Even if this method of instruction be made reasonably success- 
ful, the actual information concerning natural laws which the stu- 
dent obtains must be largely superficial, often erroneous, and the 
rate of acquisition extremely slow. Far better would it be for him 
to begin his so-called practical study of the subject after becoming 
tolerably familiar with its general outlines and prominent features, 
through the study of some reliable text book and especially after 
having armed and equipped himself with such a training in math- 
ematics as will enable him to discuss understanding^ the results 
which he obtains, to consider the limitations to which they are sub- 
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jected and the influence which has been exerted upon them bj r er- 
rors of various kinds. 

In this matter, as with most others, we are likely to fall into 
extreme views. Some of us maintain that experiment alone is 
the key, by the use of which Nature's mysteries are to be explored, 
and we fortify our belief by pointing to Faraday, the greatest ex- 
perimental philosopher the world has yet produced. We forget 
that Faraday was ignorant only of the outward, conventional 
symbols of mathematical reasoning and that one of the greatest 
works on mathematical physics, by one of the greatest mathemat- 
ical physicists of modern times is confessedly but little more than 
his interpretation. 

Dazzled by the success of the leaders and representatives of an- 
other school, we proclaim that true success will depend on mathe- 
matical attainment, and that mathematical physics is the only 
physics worthy of the name. Here, again, the exceptionally bril- 
liant few, who have succeeded under this training, stand as its expo- 
nents and we fail to consider that, if adopted to the exclusion of 
the first, its results may be disastrous in the extreme. No better 
evidence of this need be furnished than is found in the remarks 
recently made by Mr. G. H. Darwin, concerning a contest for 
honors, in what is generally admitted to be the greatest school of 
mathematics and mathematical Physics in existence. Mr. Darwin, 
who was one of the examiners, says, " The subject which exhibited 
the average weakness of grasp most flagrantly was thermodynamics. 
A great many men had read something of it, but very few really 
understood what they attempted to explain. Extraordinary mud- 
dle and confusion was sent up in answer to a question on the 
absolute scale of temperature. On another question, while the 
very elements of the subject were unknown to those who answered, 
the same men reproduced faultlessly the algebraic calculation of 
the thermodynamic function for a perfect gas." 

Mr. Darwin also strongly recommends such a change in the style 
of questions as that half intelligence may be more stringently 
treated and men induced to read less and master more, and to gain 
a comprehension of physical principles. 

There can be little doubt but that the experimental and mathe- 
matical study of the subject should go on together, assuming, of 
course, a sufficient preliminary training in pure mathematics. 

What seems desirable, therefore, at least in some, instances, is 
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less experimental work on the part of the student and more 
thorough and exhaustive discussion and examination of what is 
done. 

This leads a£ once to the consideration of what ought to be the 
nature of the work done in the laboratory. The limits to which 
I am confined will not allow me to enter into any lengthy discus- 
sion of this important question. 

I will remark, however, that in my opinion there is much done 
which is neither desirable nor necessary. As a rule quantitative 
work alone, and that the best possible under the circumstances, 
should occupy the time of the student. I would relegate to the 
lecture table of the instructor all illustrative experiments and 
qualitative work necessary to a good understanding of the under- 
lying principles of the subject, which every student should possess 
when he enters the laboratory. That which he gets which is of most 
worth in his course in a physical laboratory is not a familiarity 
with the principles of the science, but a training in the methods 
of investigation in use among physicists, including a knowledge 
of the use and abuse of experiment and the necessary limits of 
our knowledge derived therefrom. The study which he ought to 
make of errors, instrumental and accidental, will be of great value 
to him in other fields than this. 

As an illustration of the lack of this sort of training, I may be 
allowed to mention a lecture to which I listened recently, deliv- 
ered by the chief engineer of one of the leading railroads in the 
country. The subject was the " Great Pyramid," and in speaking 
of certain measurements taken in the interior he declared the re- 
sults, which were given in feet, inches, and thousandths of an inch, 
to be absolutely accurate, taking especial care to disclaim anything 
in the nature of an approximation. 

I need hardly explain that he was declaiming against the intro- 
duction and adoption of a system of metrology which has done 
and will continue to do much to increase the simplicity and accu- 
racy of ail measurements. 

I have said that this quantitative work should be of the best 
quality possible. It is better for the laboratory to contain a few 
instruments of real precision than a large number of inferior per- 
formance and accuracy. It is not a matter of great importance 
upon which particular department of physics a student shall spend 
his time and strength. The underlying principles of this method 
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of study are common to all and it is a matter of experience that 
when a student has successfully accomplished a tolerably exhaust- 
ive investigation of one topic, involving, it may be, but a single 
instrument with its accessories, he is upon his feet for the re- 
mainder of the course. 

To sum up, the course of study in physics for the undergraduate 
collegian, which I have tried to indicate, should include a sufficient 
training in mathematics to enable him to apply his knowledge 
with ease and facility to the more common physical problems ; a 
thorough and exacting course of text book and lecture work, in 
which the application of his mathematical knowledge would be 
made, and during which all illustrative experiments necessary to a 
complete understanding of the text should be exhibited by the 
instructor from the lecture table ; and, finally, this to be supple- 
mented by a course in the laboratory in which more attention is 
. paid to the quality than to the quantity of work done ; during 
which every problem is discussed, as far as possible, both mathe- 
matically and experimentally and especial attention is given to the 
discussion of the results of experiment and of the more element- 
ary portions of the theorj' of errors. 

Considering the work as thus divided into three parts, I am 
unable to see which is the least essential. 

I desire to say a few words in regard to instruction in physics 
in the school, about which we are, apparently, more remotely con- 
cerned. Even greater reform is demanded in this direction than 
in the other. Although there are numerous American text-books, 
I venture the remark that none have properly combined, in their 
making, the experience of the class room with the critical knowl- 
edge of the scholar. We may import them from Europe, it is true, 
as we must, also, our more advanced text books, but, although 
in the main vastly superior to our own, they are still not entirely 
suited to the wants of American schools and American pupils. 
These books, in the hands of teachers who know little or nothing 
outside of the books they use and often falling far short of that, 
serve to put the instruction in elementary physics in this country 
in a condition over which no one can grow very enthusiastic ; and 
this in spite of the prominent place which has been given it and the 
considerable attention it has received. Unsound doctrines and 
absurd theories are promulgated because of an inability to dis- 
tinguish the ring of genuine metal. These become so deeply 
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rooted that it is difficult and often impossible in after years to 
clear them away. 

I believe it to be possible for this Association to exert a strong 
influence in favor of an improvement in the character of the in- 
struction in physics in both elementary and higher institutions of 
learning in America. Much of it at present does us no credit and 
must eventually do us much harm. At a meeting of this Asso- 
ciation in Nashville, five years ago, a committee was appointed to 
report upon Science teaching in the Public Schools. At the 
Boston meeting, two years ago, this committee presented a report 
which embodied much thought upon the subject and was replete 
with just and keen criticisms of present systems. It is greatly to 
be regretted that this report cannot have found its way into the 
hands of those whom it would most benefit. A wide distribution 
ought to have been secured, and I am convinced that it is not yet 
too late to remedy this error. 

The same gentlemen were continued as a committee to report 
upon the Best Method of Science Teaching in Public Schools, and 
it is to be hoped that a scheme may be presented at no distant 
day. I will venture the opinion, however, that the best results 
will not be obtained until this, or a similar, committee shall work 
in cooperation with representatives of the Public Schools them- 
selves, and I would suggest the feasibility of securing such 
cooperation through the National Educational Association. " 

No such difficulty is in the way of securing an improvement in 
the teaching of physics in Colleges and Universities, for those 
most interested are, in the main, a part of this Association and of 
this Section. 

I will not venture to suggest in what manner the Association 
might best make itself felt in this matter, although I think that 
would not be difficult to ascertain. I have only endeavored to di- 
rect attention to some of the salient features of the problem and 
to ask its consideration at the hands of many members of the 
Section who come in almost daily contact with it and who will, I 
am convinced, sustain me in the belief that it is not unworthy to 
be brought before this body. 

In preparing this discussion of the subject, I have not had ac- 
cess to such information as would have been desirable, concerning 
the work which is being done in many institutions, nor have I 



138 ADDRESS BT T. C. MENDENHALL. 

been able to consult with others who are especially engaged in its 
management. Indeed it was this very lack of accessible informa- 
tion, this very impossibility of personal consultation, with which 
I met in the outset, that convinced me of the importance of di- 
recting the attention of the Section to the subject. 

What the Section could do in the direction indicated seems to 
be tolerably clear and certain. Whether it is wise or desirable 
that it should undertake to do anything is a matter which I wil- 
lingly leave for it to determine. 



^i 
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On thb Apparent Size of Magnified Objects. By Wm. H. 
Brewer, of New Haven, Ct. 

[abstract.] 

An object seen magnified in a compound microscope by different 
persons impresses them very differently as to its apparent size. 
It is well known that such magnified object seems very much larger 
to some persons than to others, and a few data pertaining to this 
fact have been published. 

Some years ago, when I had classes annually in microscopy, it 
was my custom to illustrate this difference of mental impression 
by having each member of the class in turn mark his estimate of 
the apparent size of some object, and when all had done, exhibit to 
them the estimates. This always provoked discussion, reexamina- 
tions of the object, and wonderment on the part of some that others 
saw it so much larger or smaller than it appeared to themselves. 

Inasmuch as I knew of no publication of specific experiments 
pertaining to this matter, I finally determined to keep a record of 
such estimates, and see what relation the average bore to the 
standard adopted by microscopists. Such record was begun with 
the estimates of my class in May, 1873, To this were added 
the estimates of succeeding classes. In 1876 I ceased giving in- 
struction in microscopy, but these experiments have been contin- 
ued upon such other persons as I have had opportunity to examine, 
until now I have a number of observations sufficiently large to give 
some results. 

At one time or another I had used various objects for this ex- 
periment: a circular diatom, a ruled scale (as has since been 
used by other experimenters) , an insect, and other objects ; but 
for reasons to be mentioned later, I finally chose a small insect as 
best suited to my purposes. 

(139) 
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The insect chosen was a head-louse (Pediculus capitis), mounted 
in glycerine jelly, an unusually fine specimen, I used a binocular 
stand, a 1£ inch objective, which, with the ocular used gave a 
magnifying power of about thirty-nine diameters. The estimates 
recorded were given in answer to a question stated somewhat 
thus : — " About how long, from snout to tail, does this insect ap- 
pear to you as you see it magnified in the instrument?" If fur- 
ther explanation was asked, as it ver} r often Was, it was given, that 
the object of the inquiry might be clearty understood. Some of the 
observations were made with a 8-inch, a 6-inch, a 12-inch and a 24- 
inch rule lying on the table for convenient comparison ; most of 
the other observations with afoot-rule similarly at hand. 

The image projected with camera lucid a upon a sheet of paper 
ten inches from the axis of the instrument, gives the following 
data: — length of image "from snout to tail," 4.66 inches (118.4 
mm.) ; greatest dimensions including antennae (or as some observers 
expressed it, " horns and all") 4.87 inches (123.7 mm.) ; diameter 
of field 5.85 inches (148.6 mm.). The insect was therefore en- 
tirely within the field with some room on all sides and yet extending 
far enough (about £ across the field) so as not to appear as a mi- 
nute object in a large circle of light. The instrument was always 
inclined at a suitable angle for comfortable observation, the object 
viewed by transmitted light, and nearly all the observations were 
by daylight. 

The number of persons whose answers I have recorded is 443. 
About 230 of these were students in the Sheffield Scientific School 
of Yale College, many of whom, were accustomed to use the mi- 
croscope. Of the remainder, thirteen were children under twelve 
years of age, a few were ladies, over a hundred were mechanics 
and workmen, others were professional men, etc., some of whom 
were experts in the use of the instrument. A large house is in 
course of building near my own, and one day I took the microscope 
to where the workmen were taking their " nooning," and with the 
instrument set on a pile of bricks as a table, they took turns in view- 
ing the object and making their estimates ; at another time the 
workmen on a bridge were tried ; other days I visited the ma- 
chine shops near the college, and thus in a variety of ways the 
subjects for examination were caught. 

The persons experimented upon thus embrace a great variety as 
to age, intelligence and vocation, from veterans in the use of the mi- 
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croscopc to those who were looking into it for the first time ; in ago 
from less than five years to upward of eighty-five ; in intelligence 
from eminent scientists to Irish hod-carriers and negro laborers. 

Very many of the estimates were sharp and specific, as "4£ 
inches/' " about 6 inches" or "just about 2 inches." Others were 
less definite, as " 5 or 6 inches," " 3£ or 4 inches. In such cases 
I have used the mean in my tables, so it must be understood that 
many of the estimates were not so sharply stated as the figures in 
the table would imply. 

Of the 443 recorded numbers, two are discarded because the 
question was obviously misunderstood ; another said the object con- 
veyed no idea to him of size whatever, merely form, and he could 
give it no size. The estimates of the remaining 440, without giving 
the number for each fraction of an inch, may be tabulated as fol- 
lows : — 

Less than one inch 2 

1 inch and less than 2 ...... 87 

2 inches " " " 8 64 

3 " " " " 4 88 

4 " " " " 5 91 

6 " " " " 6 56 

6 " " 4< " 7 49 

7 " " " " 8 14 

8 " " " " 9 10 

9 " " " " 10 7 

10 " " " " 12 8 

12 " 7 

14 " 2 

18 " 1 

2 to 5 feet 4 

Total number of persons . . 440 

As the image projected at 10 inches, measures 4.66 inches, we 
may say that to all those whose estimates are 4£, 4$ and 4| inches, 
the object appeared at its theoretical magnitude. These number 
forty-one, about nine per cent. There were 241 estimates, or about 
fifty-five per cent below 4£ inches, and 158, or about thirty-six per 
cent above 4 J inches. Eighty -two persons, or nearly nineteen per 
cent estimated from 4{ to 5 inches inclusive, and it is fair to say 
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that all these saw the object at about its theoretical magnitude. 
There were 236, or nearly fifty-four per cent lower and only about 
half as many, 122 or less than twenty-eight per cent higher. 
There are sixty-five estimates of 2 inches or less and twenty- two 
of 10 inches or more ; there are ten of an inch or less and four- 
teen of a foot or more. 

This enormous difference of mental conception, as to size, imme- 
diate^ suggests comparisons with the impressions different people 
have of the size of the moon, which is really a very different 
matter. 

The moon is seen as a bright, round, structureless object sus- 
pended against a darker sky which spreads out on every side into 
a vast and practically unlimited field, and the object is at an un- 
known but evidently considerable distance. With the object seen 
in the microscope, all this is reversed. We have a dark object on a 
bright and limited field. We look into a small dark hole through 
which we see the open light, and just be} 7 ond the faintly visible 
circling edge which limits the field, we see the magnified object. It 
never seems more than a very few feet distant at most. Most per- 
sons whom I have questioned on this matter say that the object ap- 
pears at about the distance they would hold a book to read or any 
object to be plainly seen ; many say less than this. It never appears 
at a vast and indefinite distance from us, as the moon does ; it always 
appears in near view, as a large insect might against a circular 
window near, or upon a limited white surface near us. Its appar- 
ent distance from us may be, and usually is, indefinite, but it is 
never great. 

When we see any object by natural vision so plainly and appar- 
ently so near, we always form a reasonably correct idea of its size ; 
it is only when the distance becomes very much greater, that the 
judgment becomes seriously perverted and then, the greater the 
distance the greater the liability to such perversion. 

Further, comparing this phenomenon with that of the apparent 
size of the moon, that is a structureless disk at an indefinite dis- 
tance in a measureless field ; probably if it had legs, and head, and 
body, or was of irregular shape like a house or even a cloud, no 
one would say that it looked no larger to them than a dinner- 
plate, as many now do. As it is, there is nothing in itself, even if 
it were near, to suggest any size whatever. On the other hand, 
the object I chose for these estimates was an organism which 
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when magnified was not so very unlike creatures with which we are 
familiar. Many compared it to a cockroach, a turtle, a lobster, or 
some other familiar animal. For example: two students were 
discussing their respective estimates which differed widely ; one 
said earnestly to the other, after again looking into the instrument, 
"How is it possible that you have marked eight inches? It looks 
to me scarcely larger than a big cockroach." The other answered, 
as he too again looked into the instrument, " it seems as large to my 
eyes as a lobster would lying on the table before me ;" and similar 
comparisons I have heard a score of times. 

As far as I have been able to see, this mental impression as to 
size is reasonably definite with each individual and usually does 
not materially change, unless the impression at first is far from the 
theoretical size, and is changed later by practice in drawing with the 
camera-lucida. To one person the object will always appear smaller 
than to another. For example : a graduate student in my class 
estimated the length 2 inches; seven years later (during which 
interval he had been engaged in scientific work, and had made 
considerable use of the instrument) I tested him again, and his 
estimate was 1£ inches, he having forgotten entirely that he had 
ever estimated it before. Another, a professor in college who 
constantly uses a microscope in his professional work (to get the 
form of objects, but who has no occasion to draw them), estimated 
9 inches ; two or three years later I tested him again ; he answered, 
"6 or 8 inches." Again, after several more years had passed, as 
he happened to be in my room when the instrument was on the 
table, I tried him again as if it was merely a casual question ; he 
answered, "about 7 inches ;" the interval between the first and last 
observation was more than eight years. I have kept records of 
duplicate estimates made by more than thirty persons, the intervals 
ranging from a few months to nine years, and as a rule, those who 
see the object as of large size first, always see it so ; this is true even 
of children. I experimented with one of my own children, a boy in 
his sixth year, by having him point out on a stick how long the 
object appeared to him, and the length he indicated was 6 inches. 
Six months later I tested him again, using a very different stick 
and he indicated 6J- inches. 

Microscopists as a class do not estimate any nearer the theoret- 
ical standard than persons unaccustomed to the use of the 
instrument. I have run over the list and taken the estimates of 
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the twenty-nine persons whom I know to be microscopists of some 
considerable skill, and twenty-one of them, or three-fourths of 
their number, estimat ■*•",.* w the theore*»wai^««1^4*€LL w scventeen of 
their estimates were 1* an 3 inches and six less than 2 inch 
The college professoi*) showed me the first good compound 
microscope I ever saw *v more than thjrt' 1 .y-three years ago, and 
who has used the ins ent more qjj^c less ever since, estimated 
the length at but 1£ ii *. ***** 

While the majority ai' ^.'oroscopists underestimate the length, 
mechanics and artisans r re often overestimate. They usually 
mentally divide the object into parts and from their sum make the 
total, and I think that their estimates average nearer the theoreti- 
cal value than would those of skilled microscopists not accustomed 
to draw with a camera-lucida. 

Regarding the few persons who estimated several feet, one was 

* 

a grocer who said that the moon always seemed very much larger 
to him than it did to most'people, — his estimate was "2 to 2£ feet. 
The highest estimate was by a mechanic who was accustomed to 
draw and plot his work. His estimate was 5 feet. The instrument 
stood upon a high desk in his shop, inclined highly, he examined 
the object leisurely and was entirely ignorant of the estimates of 
any one else. Upon questioning, he compared it to a picture 
thrown upon a screen by a stereopticon. 

With most persons, if the estimate is made quickly, the impres- 
sion ^as to size is reasonably definite, but if one stops and tries to 
reason upon it, it grows less so. We can illustrate this to ourselves 
by looking into the instrument with one eye and at a scale with 
the other. If the scale is fixed, the object seems of a definite 
length upon it, but if the scale is retreated from or approached to 
the eye the object covers more or less space and" the impression of 
definite size is soon lost. One reason for choosing the object I did 
for this investigation was that the interest in the species, with 
most observers, drew attention away from conscious calculation. 

Occasionally a person is found who can picture it of any size. 
A professor of physics, accustomed to optical instruments, says 
"I can see it at will of any size from three inches to three feet, 
but it appears best at about six inches." And I have credited him 
with that estimate in my list. 

I do not purpose to enter here the disputed fields of psychology 
into which the study of visual perception naturally leads us, but 
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there are many instructive things brought out by these experiments. 
To me the most curious has been the antagonism between the 
impression derived from the visual anglt :*rf. the magnified object, 
and its apparent distance from the obs hie \ We commonly say 
that the impression of size is determinectoki »jhe two factors, visual 
angle, and the distance of the object, ted in these estimates it 
has been curious to see in how many o*h v \ the impression as to 
distance and size has been antagonistic. K rus a person, who had 
estimated the apparent size at 1 j- inch*, j/as asked how far off 
from the eye it seemed, he held an cd l ect up before his eye to 
indicate how far off the magnified object appeared. At the 
distance indicated and with the visual angle actually subtended, 
the object should have appeared about a foot long. I have noticed 
many cases illustrating the same class of phenomena, where the 
estimates of apparent size and apparent distance were made inde- 
pendently of each other and without calculation, and when if one 
was correct, the other should have been many (even ten or more) 
times as large or small. ' 

All this applies only to the mental impression of size when 
objects are magnified in the compound microscope. With the 
simple microscope there are no such great differences of impression 
as to magnitude. Of various other phenomena connected with these 
experiments, it is not the purpose of this paper to speak. 



The Spectroscopic Rain-band. By Winslow Upton, of Wash- 
ington, D. C. 

[ABSTRACT.] 

Considerable attention has been bestowed upon the variable 
lines in the spectrum due to atmospheric causes, especially to those 
due to the presence of aqueous vapor, which have been studied by 
Janssen, Secchi, Smyth and others. These vapor lines vary with 
the amount of aqueous vapor and hence can be taken as furnishing 
a measure of the amount present at different times. The lines 
near D are especially suited for this purpose and can be observed 
with a pocket spectroscope directed to different portions of the 
sky. 

A. A. A. S., VOL. XXXI. 10 
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[The changes in the lines themselves which cause the variability 
of the D rain-band illustrated by chart.] 

Regular observations have been made by myself with a Brown- 
ing pocket spectroscope, the results of which are illustrated by a 
diagram giving the rain-band curve and also the amount of rain- 
fall noted and the psychometric curve obtained from dry and wet- 
bulb readings. 

An improvement of the instrument is suggested by introducing 
a shaded band for comparison. 

The results obtained may be summarized : 

1. The rain-band is of value in estimating the amount of aque- 
ous vapor present in the atmosphere. 

2. Its indications follow in general those of the psychrometer 
but have the advantage of showing the vapor present in a large 
portion of the atmosphere, which advantage is occasionally of use. 

3. It is of some use in foretelling rain, but must be used as any 
hygrometer and not as an infallible indicator independent of other 
conditions. 

4. Improvements in the instrument used are needed to increase 
its efficiency, before it can be regarded as a meteorological instru- 
ment. 



On the Duration of Color-Impressions upon the Retina. 
By E. L. Nichols, of Richmond, Ky. 

[ABSTRACT.] 

By a modification of the method of Plateau the author has de- 
termined for six different portions of the spectrum, the rate of 
revolution which must be imparted to a disk, with several narrow 
open sectors, in order to produce an unbroken visual image of the 
spectral region viewed through the disk. 

The rate of revolution, which may be taken as a measure of the 
persistence of vision, was found to be a function of the wave length 
and of the intensity of the ray. The results of the experiments 
described may be represented by a series of curves, with wave- 
lengths as abscissae and duration of the impression upon the retina 
as ordinate s. These curves show a certain resemblance to the 
curves for the relative luminosity of the different spectral regions, 
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as measured by Frauenhofer, Vierordt and Rood. The maximum 
is in the same position — between D and E but nearer D than E. 
It seems highly probable that the duration of impression is in- 
versely proportional to the luminosity. The curves for the duration 
of the visual image exhibit, it is true, relatively larger values for 
the more refrangible rays, but these curves correspond of necessity 
to a very faint spectrum. The change which the curve for lumi- 
nosity would undergo, were the intensity of the ray decreased, 
would, owing to the greater activity of the violet nerves of the eye 
at low intensities, cause that curve to approach much more nearly, 
if it did not coincide with the curves for duration of impression. 

It was also found that the curve differed greatly in the case of 
different observers, and to a less degree from time to time, for the 
same eye. 

The interval of darkness which may be allowed to intervene be- 
tween exposures of a given duration, without interfering with the 
apparent continuity of vision, and its variation when the length of 
exposure varied, were also determined. The exposure varied from 
fi^u second, to tWcf second, and the interval of darkness was 
found to vary, but in less degree. 



On a mean-direction integrating Anemometer. By Chas. K. 
Wead, of Ann Arbor, Mich. 

[ABSTRACT.] 

Many forms of anemographs have been devised that record the 
direction of the wind at each instant as in Beckley's, or to eight 
points from time to time, as in the signal service record. But it is a 
tedious problem to obtain from these records the "mean direction" 
of the wind for any time by the aid of a traverse table. The 
instrument now described performs at each instant the resolution 
into an N and E component that is effected by the traverse table, 
and takes the sums of all similar components for any length of 
time. 
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Two «qual gear wheels A and B are connected to one of the 
same size on the shaft of the wind-vane : on each of them a stud 
works in a slot in the head of the familiar yoke-headed connect- 
ing-rod ; the two studs being set "at quarters/' the distant end of 
the connecting rod will be displaced from its mean position by an 
amount proportional to the sine or cosine of the angle through 
which A and B and the vane have been turned from the meridian. 
On these ends friction- wheels C and D are pivoted which turn 
freely in a plane perpendicular to the rod. C and D slide over the 
faces of wheels underneath them and are driven by friction on 
them: these wheels, E and F, have the same velocity, and are 
driven either by clock-work to get a time-integration as in Coffin's 
tables, or by a " step by step mechanism " (as in a dial telegraph) 
actuated whenever a mile of wind has passed, to obtain a distance- 
integration. The velocity and direction in which C and D are 
driven will depend on their distance from the centres of E or F ; 
that is, on the position of the studs in A and B, and so ultimately 
on the direction of the wind. 

C and D are connected with counters or with type- wheels for 
printing ; and the instrument is easily modified (as in the drawing 
exhibited), so as to find the mean direction from such old records 
as give the actual direction at every instant. 

To find the mean direction : obviously the reading of the counter 
of C divided by the reading on the counter of D gives the tangent 
of the angle from the meridian (or the co-tangent, according to 
the original setting of A and B). 



Ok Vision by the Light of the Electric Spark. By W. 
Le Conte Stevens, of New York, N. Y. 1 

[ABSTRACT.] 

This paper is merely the continuation of an investigation, pub- 
lished lately in the Am. Journal of Science, in which the current 
theory of binocular perspective, on the principle of visual triangu- 

1 Published in fall in the Am. Journal of Science for Oct., 1882; also full abstracts 
in the London Philosophical Magazine for Oct., 1882. 
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lation, has been tested in various ways. This theory still has its 
place in most of our text-books, being due mainly to the surviving 
authority of Sir David Brewster and Brucke. 

The writer has shown that it fails to take into account some 
important physiological conditions and is wholly inadequate in 
many cases. He has shown that the unconscious interpretation of 
muscular sensation explains all that Brewster's theory explains, 
and much more. In studying certain mistaken observations by 
Brewster, he has been enabled to devise a new mode of stereo- 
scopy, in which the perception of binocular relief, reversible at • 
will, is secured in the examination of a pair of perfectly similar 
figures, by properly adjusting these in position and taking advan- 
tage of the almost spherical form of the retina in each eye. A 
partial explanation of this has been published, in which it was as- 
sumed that the eyes have perfect freedom of motion. Believing, 
however that such motion is not essential, however important it 
may be in completing the perception, he deemed it advisable to 
study this mode of stereoscopy, with visual lines parallel or diver- 
gent, by the light of the electric spark. This has been done, with 
the aid of Mr. W. W. Share, of Columbia College, and with ap- 
paratus loaned by Prof. O. N. Rood. 

The result has been to show that the clear perception of binocu- 
lar relief is attainable, not only without motion of the eyes, as first 
shown by Dove, but without convergence of visual lines and with- 
out the perception of double images in any part of the binocular 
field of view. 



The Binocular Union of Spectral Images. By W. Le Conte 

Stevens, of New York, N. Y. 1 

[ABSTRACT.] 

In studying the theory of vision the writer has had occasion to 
test certain experiments by Professors Wheatstone, Rogers, and 
Wundt, on the binocular union of images obtained by fatiguing the 

1 Published in full in the Am. Journal of Science for Nov., 1882, and London Philo- 
sophical Magazine for Oct., 1882. 
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two retinas with the light from illuminated diagrams, so arranged 
as to produce the appearance of relief, and then noting whether 
this appearance is recognizable in the subsequent spectral images 
that remain visible with more or less distinctness after the actual 
pictures are removed. 

The source of possible error in the experiments hitherto made 
consists in the fact that the subsequent perception is vitiated by 
the observer's knowledge of what he has just seen, or of what ought 
to be the binocular resultant under usual conditions. This objec- 
. tion is applicable even in cases like that detailed by Professor Wm. 
B. Rogers, in which the two dissimilar diagrams were presented, 
each to the appropriate eye, in succession rather than at the same 
time. This method has been adopted in the present investiga- 
tion, but with the additional important precaution, that the per- 
son tested shall not know what is the nature of the relief that 
should result if the two diagrams were simultaneously viewed. 
This was then ascertained, under varied conditions by means of 
the spectral images. 

The result is a full confirmation and an extension of the con- 
clusion reached by Professor Rogers. 

These experiments, like those with the electric spark, show that 
muscular action is by no means necessary to the perception of 
binocular relief, though often an important aid ; also that the per- 
ception of double images, whether consciously or unconsciously, is 
not necessary. The writer believes that difference in the degree of 
attention given to different points, at the same moment seen by 
direct and by indirect vision respectively, is the only indispensable 
condition to the perception of relief, and that the interpretation of 
this is a product of individual experience and not, in any demon- 
strable degree, of intuition. In this he accords with Helmholtz 
in opposition to many others who have written on this subject. 
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Upon the Electrical Experiments to Determine the Location of 
the Bullet in the Body of the late President Garfield ; 
and upon a successful form of induction balance for the 
Painless Detection of Metallic Masses in the Human Body. 1 
By Alexander Graham Bell, of Washington, D. C. 

The subject of my present paper recalls a time of intense ex- 
citement and painful suspense. The long, weary struggle with 
the untimely death- wound — the prolonged suffering borne so brave- 
ly and well by the lamented President Garfield — must still be fresh 
in every recollection. The whole world watched by his bedside, and 
hopes and fears filled every passing hour. No one could venture' 
to predict the end so long as the position of the bullet remained 
unknown. The bullet might become safely encysted, but, on the 
other hand, recovery might depend upon its extraction. The 
search with knife and probe among vital and sensitive tissues could 
not be otherwise than painful and dangerous; and the thought 
naturally arose that science should be able to discover some less 
barbarous method of exploration. 

Among other ideas 2 the thought occurred that the bullet might 
produce some sensible effect in modifying the field of induction of 
a coil brought near the body of the President, and that the locality 
of the bullet might thus be determined without danger to the 
patient and without pain ; for it is well known that induction can be 
powerfully exerted through the human body without producing 
any sensation whatever. 

Upon the balancing of Induction. 

The influence that is exercised upon induction by metallic masses 
has formed the subject of numerous experiments by different 
investigators ; and the principle of balancing the effects of induction 
on one portion of a circuit by equal and opposite effects produced 
upon another portion has been utilized in nearly all such investi- 
gations. 

The earliest form of induction balance for this purpose appears 
to have been devised in Germany by Prof. Dove, 3 about the year 

1 A preliminary notice relating to tiiis paper Was published in the Comptes Rendu* 
of the French Academy of Sciences, Oct. 24, 1881. 

* See Appendix, note 1. 

* Pogg. Ann. vol. liv, pp. 305-335. 
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1841, and a good description of it in the English language may be 
found in De La Rive's " Treatise on Electricity," (1853 edition, 
vol. I, pp. 418-433) 4 . 

Another and superior arrangement for the same purpose is the 
well-known induction balance of Prof. D. E. Hughes 6 . 

The Static Induction Balance of J. E. H. Gordon 6 though pri- 
marily intended for experiments upon specific inductive capacity, 
might also, perhaps, be employed in the same class of investigations. 

My own attention was directed to the balancing of induction a 
number of years ago by the disturbing noises produced in the 
telephone by the operation of telegraphic instruments upon lines 
running near the telephone conductor. 

The difficulty was remedied by using two conductors instead of 
one, and by so arranging them with reference to the disturbing 
wires that the currents induced in one of the telephone conductors 
were exactly equal and opposite to those induced in the other. In 
this way an induction balance was produced and a quiet circuit 
secured for telephonic purposes. This method was patented in 
England in November, 1877, and during the whole winter of 1877-8 
I was engaged in London upon experiments relating to the subject. 

In the course of these researches I made frequent use of flat 
spirals of insulated wire, like those employed by the late Professor 
Henry 7 in his experiments upon induction. 

My method was to pass a rapidly interrupted voltaic current 
through one flat spiral while I examined its field of induction by 
means of another flat spiral connected with a telephone. The 
currents induced in the latter coil produced a musical tone from the 
telephone. 

At every point in the field of induction it was found that by 
turning the plane of the exploring coil a position of silence could 
be obtained, and another of maximum sound, the two positions 
making a right angle with one another. 

It was also noticed that when a position of silence was established 
a piece of metal brought within the field of induction caused the 

* A similar apparatus was independently devised in America a number of years ago 
by Professor Rowland, of Johns Hopkins University. It is to be regretted that his 
discovery of the fact that he had been anticipated by Dove prevented Professor Rowland 
from completing and publishing his researches. 

sphil. Mag., July, 1879, vol. ii, p. 50. 

«Phil. Trans, for 1879, p. 417. 

» Silliman's Journal, xxviii, 329; xxxviii, 209; xli, 117. 
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telephone to sound. This effect was most marked when the two flat 
spirals were in close proximity, and were arranged with their planes 
parallel, as shown in fig. 1. 

When a silver coin, such as a half-crown or florin, was passed 
across the face of the two coils, the silence of the telephone was 
broken three times. The instrument emitted a musical tone when 




the metallic disk passed the points marked 1, 2, and 3 in the illus- 
tration, but the loudest effect was produced when the coin crossed 
the area marked " 2," where the two coils overlappped. 

After my return to America I embodied these and other results 
in a paper " Upon New Methods of Exploring the Field of Induction 
of Flat Spirals" which was read before this association at the 
Saratoga meeting in August, 1879. 

Practical Application. 

While brooding over the problem of the detection of the bullet 
in the body of President Garfield, these experiments made in Eng- 
land returned vividly to my mind. It seemed to me that if the 
overlapping area " 2 " of the two coils shown in fig. 1 could be 
brought over the seat of the bullet without disturbing the relative 
positions of the coils, the telephone would probably announce the 
presence of the bullet by an audible sound. 

A crude experiment was at once made to test the idea. A 
large, single-pole electro-magnet (the core of which was composed 
of a bundle of fine iron wires) was used in place of coil A (fig. 
1 ;) and a small coil of fine wire taken from a hand telephone was 
arranged a little to one side of the pole to represent coil B. The 
small coil being connected with a telephone, a battery current was 
passed through the coil of the electro-magnet, and the battery cir- 
cuit was made and broken by an assistant. 

Under these circumstances a much better balance was obtained 
than could possibly have been anticipated. Upon now bringing a 



154 



ELECTRICAL EXPERIMENTS ; 



leaden bullet near the small coil, a distinct ticking sound could be 
heard from the telephone each time the battery circuit was made 
and broken. 

Being absent from my laboratory, and without facilities for 
proper experiment, I communicated my ideas to Mr. Charles Wil- 
liams, jr., of Boston, manufacturer of electrical and telephonic 
apparatus, who kindly placed the resources of his large establish- 
ment at my service ; and, at great personal inconvenience, dele- 
gated his best workmen to attend to my experiments. 

Upon attempting to devise an appropriate form of apparatus for 
the special purpose in view, I saw that there were great practical 
difficulties in the way of utilizing the arrangement shown in fig. 
1, and it occurred to me that the apparatus of Professor Hughes 




might perhaps be employed with more advantage as the basis of 
my experiments. In the ordinary form of Hughes' induction bal- 
ance four coils are used, as shown in fig. 2. Through the agency 
of a Hughes microphone the ticking of a clock is made to create 
an electrical disturbance in the voltaic circuit containing the two 
primary coils (A C) and a corresponding disturbance is produced 
by induction in the two secondary coils (B D) connected with the 
telephone. If the connections are so arranged that the currents 
induced in the telephone circuit by the coils A C are in the same 
direction, the ticking of the clock is heard very plainly, but if they 
are in opposite directions no sound is perceived. 

In the latter case the action of one primary coil (A) opposes 
that of the other (C), and an electrical balance results. If now a 
piece of metal is brought near one pair of coils (say A B) the bal- 



BY A. GRAHAM BELL. 155 

ance is disturbed and the ticking of the clock is audible at the 
telephone. The arrangement of the coils (A, B, C, D) was the 
point to be studied, the microphone attachment being of no impor- 
tance in the combination ; for it is well known that a rheotome 
to break the primary circuit completely at intervals can be substi- 
tuted for the microphone with advantage. 

It seemed to me that two of the coils (A B) in the Hughes in- 
duction balance might be attached rigidly to a wooden handle, so 
as to be moved over the seat of the bullet without changing their 
relative positions, and that all the adjustments necessary might be 
made on the other pair of coils, which need not be moved from 
their place, and would not therefore be liable to disarrangement. 
If a single pair of coils were to be used as in fig. 1 , they must be 
adjustable one upon the other. But if during the course of explo- 
ration the coil B (fig. 1) should be moved from its proper po- 
sition even to the extent only of a small fraction of a millimetre, 
the balance would be disturbed and the exploration might have to 
be stopped in order to adjust the apparatus. These consider- 
ations led me to the conclusion that some modification of the 
Hughes induction balance was most suitable for my purpose, and 
I immediately commenced the construction of such an apparatus. 

Suggestions Tested. 

Just at this time I learned from the newspapers that Prof. Si- 
mon Newcomb, of Washington, had the idea of using a magnetic 
needle to indicate by retardation of its rotation the proximity of 
the bullet in the body of the President, and I telegraphed to Pro- 
fessor Newcomb the offer of my assistance in carrying on experi- 
ments, knowing the comparative difficulty he would experience in 
having apparatus made in Washington. 

At his suggestion I tested the point whether the rotation of a 
leaden disk and of a leaden bullet underneath a delicately sus- 
pended magnetic needle would cause a deflection of the needle. 

The disk occasioned a deflection, but the bullet produced no 
sensible effect. I telegraphed the result to Professor Newcomb, 
and at the same time took occasion to inform him of the hopeful 
results I had obtained with the crudely constructed induction bal- 
ance referred to above. 

I was much gratified by his immediate appreciation of the ex- 
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periment. He telegraphed that he thought an induction balance 
promised a much more hopeful solution of the problem than his 
own method, and encouraged me in every way to continue my ex- 
periments. 

This appreciation determined me to proceed to my laboratory 
at Washington, where I was accompanied by Mr. Sumner Tainter, 
who was anxious to assist in such a cause. I learned from Pro- 
fessor Newcomb that Mr. Geo. M. Hopkins, of Brooklyn, had in- 
dependently suggested the use of Hughes' induction balance, and 
had made experiments in Brooklyn, the results of which were pub- 
lished in the New York Tribune on the 11th of July, 1881. 8 Mr. 
J. Stanley Brown (private secretary of President Garfield) kindly 
handed to me the letters he had received from Mr. Hopkins, 9 and 
also a Hughes induction balance like that shown in fig. 2, which 
Mr. Hopkins had forwarded to the Executive Mansion for trial. 

This apparatus was at once tested in my laboratory, with results 
slightly better than those I had obtained in Boston. 

My Boston apparatus did not give a greater hearing distance 
than 3 cm., whereas with the Hopkins apparatus I could distin- 
guish effects at a distance of 3.75 cm. 

Two of Mr. Hopkins' coils (A B, fig. 2) were then fastened 
upon a wooden handle to form an exploring instrument, and the 
whole apparatus was arranged for immediate use in case of any 
necessity arising for an experiment upon the President. I set my- 
self in communication with Mr. Hopkins, and requested his assist- 
ance and cooperation, and in reply received through Private 
Secretary Brown the following account of further experiments : 

"60 Irving Place, Brooklyn, July 16, 1881. 

Mr. J. Stanley Brown : 

Dear Sir : I have made two new instruments on plans differing 
from that sent, but they yield no better results. The first con- 
sisted of two oblong coils arranged at right angles to each other, 
thus: 




8 See Appendix, note 2. » See Appendix, notes 3 and 4. 
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The outer coil being of coarse wire (No. 18) placed in the pri- 
mary circuit, the , inner coil being of very fine wire (No. 36) and 
connected with a telephone. The parallel currents traversing the 
wires neutralized each other, and no audible effects are perceived 
in the telephone, but on presenting a metallic body to the instru- 
ment upon a line bisecting the angle between the coils the clicking 
in the telephone is heard. 

This instrument possesses only one advantage over that sent, 
and that is that it requires no adjustment. 

The other instrument consists of two large coils of very fine 
wire (No. 36) placed upon opposite sides of a coil of coarse wire 
(No. 16), the fine coil being connected so that the induced currents 
neutralize each other, thus : 




I am sorry to be obliged to say of this as of the other, that it 
is no more sensitive than the one sent. To produce the best effects 
from the instrument which you have it will be necessary to use all 
the battery power possible without burning the coils, and two re- 
ceiving telephones of the best construction must be used. 

As I stated in the first instance, if the ball is more than two 
inches deep, I think it cannot be located by this means. 

If larger coils were used the instrument might be operative at 
a greater distance, but the area indicated as containing the ball 
would be so large that the result would be indefinite and without 
value. 

Hoping that Prof. Bell will be able to succeed, I remain, 

Yours very truly, 

Geo. M. Hopkins." 

Prof. Hughes of London, England, Prof. Trowbridge of Harvard 
College, Prof. Rowland of Johns Hopkins University, and other 
authorities were consulted by telegraph as to the best theoretical 
form of induction balance for the purpose required, while empiri- 
cal experiments were being carried on under my direction in my 
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laboratory at Washington by Mr. Sumner Tainter; in the electri- 
cal workshop of Davis and Watts, in Baltimore, by Mr. J. H. C. 
Watts, and in the establishment of Mr. Chas. Williams, jr., in 
Boston, by Mr. Thomas A. Gleason. To test the influence of size 
of coil an instrument was constructed in which the coils were no 
larger than the bullet for which we sought (as bad been suggested 
by Prof. Newcomb), 10 and experiments were also made with the 
enormous coils used by the late Prof. Henry in bis researches upon 
induction, which were kindly lent to roe for the purpose by the 
Smithsonian Institution, but neither the small nor the large coils 
produced more satisfac- 
tory results than those we 
had already obtained. 

To test battery power, 
twenty enormous Bunsen 
elements, which had for- 
merly been used to light 
the gas at the Capitol, 
were placed at my disposal 
by Mr. Rogers, electrician 
of the Capitol, but while 
great electro- motive force 
was evidently of use we 
derived no advantage from 
such a battery as this. 

To test the influence of 
speed of interruption, 
Mr. Marean, Supt. of the 
Western Union Telegraph 
Co. in Washington, kindly lent ns an electric motor, by means of 
which we were able, with the aid of a rotating commutator, to ob- 
tain interruptions of the primary circuit of all rates up to 600 
interruptions per second," and we found that the more rapid the 
rate of interruption the more distinct was the sound in the tele- 
phone. The hearing distance, however, was not proportionately 
The automatic interrupter (shown in fig. 5), yielding 




increased. 



10 See Appendix, note S. 

11 Mr. Sumner Tainter has since mi 
by means of which be has obtained hi 
second. 
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about 100 interruptions per second, gave as good results as any, 
and was much more convenient. This interrupter was therefore 
afterwards used exclusively in our experiments. 

The theoretical form of coil suggested by Prof. John Trow- 
bridge 13 was substantially the same as that proposed by Prof. Bow- 
land, 13 and is shown in fig. 6. 

The arrangement was quite sensitive to metal placed in the in- 
terior of the coil, but the hearing distance for a bullet external to 
Hie coils was no greater than before. 14 

Professor Hughes 15 proposed to have two flat superposed coils 
wound on a single reel, so that the two coils should form a single 



one as regards their relative distance ; and Mr. F. T. Bickford, 
Washington correspondent of the New York Tribune, suggested 
winding two wires side by side into a single coil, so that the rela- 
tive distances of the wires from the bullet should be absolutely the 
same. Mr. Chas. E. Buell 16 and Dr. Chichester A. Bell 17 proposed 
to determine the depth of the bullet beneath the surface by causing 
a similar bullet to approach the balancing coils until silence was 
restored ; the secondary bullet it was presumed would then be at 
the same distance from the balancing coils as the embedded bullet 
from the exploring coils. 

11 See Appendix, sate 6. « See Appendix, note 7. 

■'The balance obtained was not quite perfect, and we have since discovered that the 

u See Appendix, note 8. » See Appendix, note S. "See Appendix, note ltt 
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Tbe results of all the experiments so far made were unsatisfactory. 
I bad tried everything that had been suggested, but 4 cm. remained 
the extreme limit of audibility for a bullet like that which had struck 
the President. Even when sucb a bullet was flattened by being 
fired against a board, and was presented with its flat side towards 
the coils of the explorer — the most favorable mode of presentation 
— no better result was obtained. 



Original Experiments. 

In the theoretical arrangement recommended by Professors 
Trowbridge and Rowland (fig. 6) the primary coil A was of 
smaller diameter than tbe secondary B. This had given us no 
_. _ better effects than the or- 

dinary form of Hughes' 
balance (see fig. 2), in 
which the two coils A B 
were of equal diameter. 
We then tried the effect of 
making the primary coil A 
of greater diameter than 
the secondary B (see fig. 
7) and in this case wc ap- 
peared to obtain an in- 
crease of hearing distance. 
Five centimetres (2 inches) 
was, however, the utmost limit reached, when, on the 19th of July, 
Mr. J. Stanley Brown and Dr. Woodward visited my laboratory 
and witnessed some experiments. No difficulty was experienced 
in detecting a bullet held in the mouth by passing tbe exploring 
coil over the cheek ; and the presence of a flattened bullet held in 
the clenched hand was also readily determined. Dr. Bliss, Dr. 
Eeyburn, and Surgeon-General Barnes visited the laboratory 
next day and expressed themselves as very hopefully impressed 
by the experiments. These were subsequently repeated in the 
surgeon's room at the Executive Mansion for the information of 
Dr. Frank Hamilton and Dr. Agnew, who also seemed favorably 
impressed. 
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Such opinions from the surgeons in attendance upon the Presi- 
dent, and the continued interest shown by Professor Newcomb, 
encouraged me to proceed with the experiments. 18 

It was now determined to test the effect of each convolution of 
the primary coil, so as to arrive empirically at some idea of the 
best shape of coil. For this purpose Mr. Tainter constructed the 
instruments shown in fig. 8. Circular grooves were turned in two 
boards, one of which is shown in perspective at A and the other 
in section at D. An insulated copper wire could be pressed into 
any of these grooves so as to give the wire an exactly circular 
shape of known diameter, and the two ends were passed through 
an orifice in the back of the board, making connection with a sim- 
ilar ring of wire in the other instrument as shown. A small 
secondary coil (B) of fine wire, which could be moved with moder- 
ate friction upon the horizontal rod, was connected to another 
similar coil (E) and to a telephone ; and a small brass ring (C), 
which could also be moved along the horizontal rod, was used 
instead of a bullet to disturb the balance. 

In making an experiment with this apparatus the secondary 
coil (B) was first placed within the primary ring and in the same 
plane with it, and the balancing coil E was adjusted to produce 
silence. The brass ring C was then moved along the horizontal 
rod until the balance was sensibly disturbed and the relative dis- 
tance of the coils and the brass ring were noted. 

Continuing the experiment, the coil B was moved a determined 
distance beyond the plane of A, and the balancing coils again ad- 
justed to silence. The brass ring C was once more caused to dis- 
turb the balance, and the new hearing distance was noted. The 
following are the tabulated results of a series of experiments made 
on the 19th of July, 1881 . The battery employed consisted of six 
bichromate cells connected in series. 

18 1 desire especially to express my gratitude to Dr. Frank Hamilton for words of 
encouragement spoken at a later date when sympathy and encouragement were greatly 
needed. 
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These . figures show that the distance from the primary coil A 
(fig. 8), at which the influence of the brass. ring C became perceptible, 
increased with the diameter of the primary ring, and that the second- 
ary coil B required to be projected considerably beyond the plane of 
the primary in order to obtain the maximum effect. 

The conclusion seemed a natural one that the degree of projec- 
tion A B of the secondary coil should proportionally increase with 
the diameter of the primary ring, but the tabulated figures did not 
fully justify the inference. 

The experiments had necessarily occupied a considerable time, 
and I thought that the difference between the results that should 
have been observed, according to the above hypothesis, and those 
that were actually obtained, might have been due to the gradual 
exhaustion of the bichromate battery employed and to its polari- 
zation, although every care had been taken to preserve its power 



164 ELECTRICAL EXPERIMENTS : 

by removing the carbon and zinc plates from the eolation, except- 
ing when an observation was made. To test whether the battery 
exerted any material influence upon the hearing distance, a further 
aeries of experiments was made with the same battery. 

It will be seen by reference to the tabulated statement shown 
above that the maximum hearing distance B C had been obtained 
with a primary ring 11.3 cm. in diameter when the distance A B 
between the primary and secondary coils was one centimetre. 
This arrangement of the apparatus was therefore adopted through- 
out the following experiments : 

Hearing distance, 
tried with 1 cell (bichromate battery) . . 



Six cells in 

Slxtells in multiples 



Same experiment repeated by Mr. Tainter . 



C, i\ s . 

C.flg. 

BC, flg. 



B C, flg. 



These experiments proved that battery power did exert an in- 
fluence upon hearing distance, and also that the battery in use was 
gradually deteriorating. 

I concluded, therefore, that if the battery power had remained 

ng.B. 



constant, the hearing distance might not only have been propor- 
tional to the diameter of the primary ring, but, in order to attain 
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the maximum effect, the projection of the secondary coil beyond 



the plane of the primary might also have been fount) to increase 
in like proportion. 

This led me to try the effect of a conical primary coil A with 
the secondary B at its apex, as 
shown in fig, 9, but the hearing -flg-M. 

distance for a bullet was only 
3.5 cm. 

Singularly enough Mr. J. H. 
C. Watts, in Baltimore, had in- 
dependently arrived at a very 
similar form of coil, and with the 
instrument shown in fig. 10 lie had 
obtained at one time a hearing dis- 
tance of 7.5 cm. (or 3 inches L9 ), 
hut from some cause not ascer- 
tained he was unable subsequently 
to reproduce the effect. 

The final form of apparatus a- 
dopted as the result of the above 

experiments is shown in fig. 11. With this arrangement and a 

battery of six bichromate elements freshly set up, we were always 

sure of a hearing distance of at least 5 cm., although after the 

"Sec Appendix, note 11. 
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battery had been in use for some time the hearing distance hardly 
exceeded 4 cm. 

The following are the dimensions of the coils A B (fig. 11) 
and their resistance : 

Coil A External diameter 7 cm. 

Internal diameter 4.5 cm. 

Depth . 2.4 cm. 

Wire used, No. 23 (cotton covered). Resistance, 2 ohms. 

Coil B External diameter 2.3 cm. 

Internal diameter 8 mm. 

Depth 8 mm. 

Wire used, No. 36 (silk covered). Resistance, 75 ohms. 

The face of the coil B projected beyond the face of coil A 4 
mm. 

The balancing coils were made as nearly as possible the dupli- 
cates of A and B. The resistance of the coil of the telephone 
employed was 75 olnns. 

Influence of Battery Power. 

The following experiments were made with this apparatus (fig. 
11) on July 20, 1881, to test the influence of battery arrangements 
upon the hearing distance of a leaden bullet. 

I. Series of experiments with a bichromate battery which had previously been 

in use for afeio minutes. 
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— 
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4.0 
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II. Series of experiments with a Leclanche battery of twenty cells which had 

been set up for about one month. It had been kept normally upon open 
circuit, and had only been occasionally used. 

Hearing distance. 

20 cells in series 8.3 cm. 

20 cells in 10 series of 2 each ... 8.6 cm. 

20 cells in 5 series of 4 each . . . 4.1 cm. 

20 cells in 2 series of 10 each . . . 8.0 cm. 

Although the battery appeared to be in good condition, a close 
inspection showed that the connections were dirty, and that one of 
the zinc wires was half broken through. 

The defective cell was now removed from the circuit, and the 
connections of all the other cells cleaned and tightened. 

III. The following experiments were then made with the Leclanche cells united 

in series : 



No. of cells. 


Hearing 
distance. 




No. of cells. 


Hearing 
distance. 




cm. 




cm. 


1 


2.7 




11 


3.8 19 


2 


2.8 




12 


4.2 


3 


3.0 




13 


4.2 


4 


3.3 




14 


4.2 


5 


3.3 




15 


4.3 


6 


3.5 








7 


3.6 




16 


4.2 


8 


3.8 




17 


4.2 


9 


4.0 




18 


4.2 


10 


3.8 20 




19 


4.2 



These results are graphically represented in fig. 12. 

It will be observed that the hearing distance was carried nearly 
two-thirds as far again as at first, simply by increasing the numbers 
of cells employed without any other change in the arrangement. 
It will also be noticed that the apparatus requires to be adjusted 
to complete silence in order to obtain the maximum effect. 

As a general result of all our experiments with voltaic batteries, 
we find that it is advisable to use a battery possessing great electro- 
motive force and slight internal resistance, and to connect the cells in 
series. 

*> Balance not quite perfect. 
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Experiments upon Living Subjects. 

On the 22d of July an experiment was made at the request of 
Dr. Bliss upon the person of Lieut. Simpson, who had carried a 
bullet in his body for many years. 

When the exploring instrument (fig. 11) was passed over the 
lieutenant's back a sonorous spot was found, but the indications 
were too feeble to be implicitly relied upon. Imagination very 
easily conjures up a feeble sound like that observed, but a number 
of experiments by different observers seemed to indicate that in 
this case there was an external cause for the sound — probably the 
presence of a very deeply-seated bullet. The results of this ex- 
periment were communicated to Dr. Bliss in a letter dated July 23, 
1881. 21 

On the 25th of July Professor Rowland visited me at Washington, 
and suggested the use of a condenser in the primary circuit. I 
had previously discussed this idea with Mr. Tainter, but, not hav- 
ing a condenser at hand, we had been unable to make any experi- 
ment. After our conversation with Professor Rowland, however, 
we were so impressed by the importance of the point that we 
obtained a condenser next morning, and found it to produce not 
only a different quality of sound when the bullet approached the 
coils, but also to increase the hearing distance of the instrument 
shown in fig. 1 1 at least one centimetre. 

On the evening of the same day (July 26) our apparatus was 
carried to the Executive Mansion, and an experiment tried upon 
the person of the President. ^ 

From some cause then unknown a balance could not be obtained, 
and the results were therefore uncertain and indefinite. It was 
discovered afterwards that a mistake had been made in the mode 
of connecting the condenser. The latter should have been con- 
nected at E F (fig. 13), whereas it was placed at E G, thus 
influencing only one, instead of both, of the primary coils. 

With the condenser properly arranged, experiments were tried 
on July 29 and 30 on three soldiers from the Soldiers Home who 
had been wounded during the civil war, namely, John Teahan, Asa 
Head, and John McGill. In the case of John Teahan no results 
were obtained. In the case of Asa Head, who had a buckshot in 
the cheek, loud and well-marked sounds were heard in the tele- 

ai See Appendix, note 12. » See Appendix, note 13. 
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phone ; and in the case of John McGill, who was supposed to carry 
a bullet in his back, no results were obtained. 

Further efforts were then prosecuted for the improvement of the 
apparatus. 

Further Experiments to Improve Apparatus. 

Our attention had hitherto been directed chiefly to modifications 
of the exploring instrument. We now investigated the effect 
upon the hearing distance, of the coils used to obtain a balance. 

The following experiments, made July, 1881, bear upon the 
point : 





-ArAv^-V^^^^-X^V^^r'^; 7 '*:- 




Qh*v- 



; 



Exp. 1. (See f\g m 14.) Resistance of primary A of exploring 
instrument, 2 ohms ; resistance of primary C of balancing coils, 
also 2 ohms ; resistance of exploring secondary B, 140 ohms ; and 
of balancing secondary D, 120 ohms. 

Result : Hearing distance of bullet from explorer A B, 3.5 cm. 
Hearing distance from balancing coils C D, also 8.5 cm. 

Exp. 2. (See fig. 15.) Same exploring coils as in Exp. 1, but 
balancing coils consisted of a flat primary, E — resistance, 5.30 
ohms ; and flat secondaiy, F — resistance, 83 ohms. The ad- 
justment was made by sliding the secondary coil upon the pri- 
mary until a position of silence was obtained. 
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Result : Heaving distance from explorer A B, 1.5 cm. Hear- 
ing distance from E F, 3 cm. 

As a general result of our experiments we found that every in- 
crease in the resistance of the balancing coils (especially the primary) 



FigJS. 
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redttced £/ie hearing distance of the exploring instrument, and it be- 
came therefore desirable to do away with this resistance as much 
as possible. 

Return to Original Form of Apparatus. 

This led us back to the original form of apparatus that had first 
occurred to me (see fig. 1) in which a single pair of coils was em- 
ployed. A few other experiments, made July 29, 1881, will show 
the importance of the point attained. 




Exp. 3. The two flat coils E F used in experiment 2 were ar- 
ranged as in fig. 16, so as to form a balance by themselves. 
Result : Healing distance, 7 cm. 
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In all these experiments the battery used consisted of four cells 
(Leclanche). 

Exp. 4. The same coils used in Exp. 3 were tried again, as 
shown in fig. 16, but with a battery of eight cells (Leclanche). 

Result : Hearing distance, 8.7 cm., or nearly 3£ inches -*• a re- 
sult quite unprecedented in our experiments. 

The following are the dimensions of the coils E F : 

Coil E. . External diameter. ... 10 cm. 
Internal diameter. ... 2.5 cm. 

Depth 1 cm. 

Wire used, No. 23 (silk-covered). 

Coil F. . External diameter. ... 10 cm. 
Internal diameter. ... 2.5 cm. 

Depth 1 cm. 

Wire used, No. 28 (silk- covered). 




E JP 



Exp. The same coils E F, used in Exps. 2, 3, and 4, were 
tried once more with a battery of six large bichromate elements, 
and with a condenser, G, in the primary circuit as shown in fig. 
17. 

Result : Hearing distance 13 cm., or more than 5 inches. 

This great increase in hearing distance seemed to be chiefly due 
to the condenser, for upon disconnecting it the hearing distance 
was little more than 9 cm., but further experiments proved that 
other causes also contributed to the result. 

Exp. 6. When the condenser was in circuit and the leaden bul- 
let close to the coils (arranged as in fig. 17) the sound produced 
by the telephone was a musical note whose pitch was the same as 
that normally produced by the vibration of the reed of the inter- 
rupter. Mingled with this tone could be distinguished a number 
of feebler tones of very much higher pitch. Upon withdrawing 
the bullet gradually from the coils, the fundamental sound became 
fainter, and one of the high upper-partial tones gradually acquired 
prominence ; and at a distance of about 8 or 9 cm. the funda- 
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mental could no longer be distinguished, but the high tone per- 
sisted, and was clearly audible up to a distance of 13 cm. The 
effect was very striking, and when the bullet was moved to and fro 
parallel to the plane of the coils £ F at a distance of about 10 
cm., the telephone emitted a shrill whistling sound each time the 
sensitive area (H) was passed. 

It was noticed that other metals, such as iron, brass, and cop- 
per, did not seem to reinforce this high tone to any great extent, 
but brought out the fundamental at every distance where an effect 
was produced. 

Exp. 7. The condenser G (fig. 17) was removed from the 
circuit and the leaden bullet held about 4 or 5 cm. from the coils 
E F. The fundamental tone was heard, and the characteristic 
upper-partial could also be distinguished, but it was only faintly 
audible. Upon now suddenly replacing the condenser, the high 
upper-partial tone was instantly reinforced as if by a resonator. 

Exp. 8. The rheotome employed to interrupt the primary cir- 
cuit (which had been placed in a distant room) was found to be 
vibrating badly. The reed I of the instrument (see also fig. 5) 
was rattling against its contact pieces, thus producing an impure 
sound, and I could distinguish amongst the upper-partials the tone 
that had been reinforced by the condenser. Upon screwing up the 
contact pieces so as to improve the vibration, I could no longer 
distinguish the particular upper-partial referred to, and upon re- 
turning to the room in which the coils E F (fig. 17) were placed, 
I could no longer detect the effects noted above in Exps. 6 and 7, 
and the hearing distance did uot exceed 9 cm. 

The peculiar effects obtained with the arrangement shown in Jig. 
17 thus seemed to depend (1) upon a particular kind of vibration 
of the reed of the interrupter, producing a certain high upper-par- 
tial or overtone (2) upon the use of a condenser acting as a sort of 
electrical resonator for this tone, and (3) upon the use of the metal 
lead. 

Mr. Marean, of Washington, kindly lent me a number of con- 
densers used by the Western Union Telegraph Co., and we found, 
upon connecting them with the coils E F, as shown in fig. 17, 
and, holding a leaden bullet near the coils, that each condenser 
reinforced a high upper-partial of different pitch. We arranged 
the condensers so that they could be successively introduced into 
the circuit with great rapidity. The effect was very curious, and 
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sounded somewhat like a Scotch air played upon the bagpipes. 
The low hum of the fundamental could be heard continuously, like 
the drone of the bagpipe, while the higher tone changed its pitch 
with each change of condenser. 

The pitch of the high tone reinforced seemed to depend upon the 
electrostatic capacity of the condenser employed, but the exact 
relation between the two has not been ascertained. In experi- 
ments 5, 6, 7, 8, and the subsequent experiments described above, 
the battery employed consisted of six pairs of carbon and zinc 
plates of large area placed in a solution of bichromate of potash 
containing sulphuric acid. 

The effects noted above were not produced satisfactorily when 
the battery was much run down, nor were they obtained with a 
Leclanche battery which had been set up for some time, but which 
appeared to be in good condition. 

It is evidently necessary in order to produce this characteristic 
high tone to use a battery possessing considerable electro-motive force 
and slight internal resistance. 

Our experiments had reached this stage when, on Saturday, the 
30th of July, 1881, I was requested to make another trial upon 
the person of the President at the evening dressing of the wound. 

At this time, however, we had no exploring instruments com- 
pleted excepting one or two like that shown in fig. 11 ; for it 
will be understood that the promising results noted above had 
been obtained from coils that were simply placed upon a table and 
adjusted by hand. 

We immediately proceeded to the Executive Mansion with the 
apparatus shown in fig. 13, prepared to make a trial, if it was 
deemed advisable ; but upon learning of the results of our later 
experiments, the surgeons resolved to postpone any further trial 
until we could arrange the coils (fig. 1 7) in a portable form. 

By forced exertions the coils were arranged that same night in 
a wooden case, as shown in fig. 18. A shallow circular recess was 
turned out in each block for the reception of one of the coils, and 
the two blocks were held together by four pins of ebonite, C, D, E, 
F, which passed up through slots in the upper block and were 
secured by ebonite thumb-screws. 

When the instrument was completed I found to my great dis- 
tress that a balance could not be obtained by any adjustment of the 
apparatus. There was a position of minimum sound, and the tel- 
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ephone responded to a bullet presented to the central part G of 
the instrument ; but the hearing distance did not exceed 3 or 4 
cm., whereas we had obtained with the same coils before the con- 
struction of the wooden case a perfect balance and a hearing dis- 
tance of 13 cm. 

After numerous unsuccessful experiments had been made to as- 
certain the cause of the difficulty it occurred to me that if two 
adjoining convolutions in one of the coils, made contact at any 
point, a circuit of low resistance would be formed (a single ring 
of wire, in fact), in which the induced currents might circulate 




without reaching the telephone connected with the apparatus. I 
had previously measured the resistance of the coils without dis- 
covering any defect, but when I considered the large number of 
convolutions in each coil it seemed possible that a defect of this 
kind might exist which could not be discovered by a Wheatstone 
Bridge, excepting by very delicate and accurate observations. To 
test whether a short-circuited convolution would produce effects 
analogous to those observed, a piece of copper wire was bent into 
an annular form and the ends connected together. On bringing 
this metallic ring near a pair of coils (A, B, fig. 19), properly ad- 
justed to silence, the balance was loudly disturbed. The copper 
ring (C) was held as shown in fig. 19, and the balance could not then 

A. A, A. S., VOL. XXXI. 12 
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be restored by any adjustment of the coils. A position of mini- 
mum sound was all that could be obtained, and the hearing dis- 
tance was enormously reduced. This was prima facie evidence of 
the nature of the defect. 

The coils (fig. 18) were then removed from their case, but a 
cursory examination revealed no defect. Upon trial, however 
(being arranged, as formerly, in fig. 17), a balance could not be 
obtained, and the hearing distance was only about 4 cm. The 
defect was thus definitely located in the coils themselves. 

Upon close examination it was noticed that the outside convolu- 
tions of the primary coil were slightly frayed at one part, but it 
appeared hardly possible that so great a defect could be due to so 
apparently slight a cause. However, to test the matter, I removed 
the outside layer of wires and then tested the coils again. 

Result : The defect had vanished — a perfect balance was ob- 
tained, and the hearing distance was again 13 cm. 23 

The coils were then replaced in their case and the completed 
instrument tested. The lower wooden block B (fig. 18) was 
adjusted by hand as nearly as possible to the position of silence, 
and then the thumb-screws C, D, E, F were tightened. 

The balance now obtained was not quite perfect, but by striking 



» These experiments have revealed the cause of the extreme difficulty always expe- 
rienced in obtaining a perfect balance with coils of fine wire. I have recently used an 
Induction Balance to test the condition of the helices that were employed in these 
researches, and have discovered that in a large percentage of cases the insulation was 
defective. It is possible that some of the results described in this paper (especially of 
the earlier experiments) may have been vitiated by errors due to defects in the coils 
that were not suspected at the time. A defect of insulation that is quite immaterial for 
ordinary purposes may be absolutely fatal to the success of an Induction Balance. 
Indeed, so much care is required in this respect that it is extremely difficult to obtain 
coils that are perfectly suitable for an apparatus intended to search out a bullet embed- 
ded in the body. I now make it a rule to test every helix used in Induction Balance 
experiments by bringing it up to a system of balanced coils like that shown in fig. 19. 

1. If the helix is perfect the balance is not disturbed until the terminals of the coil 
are connected. 

2. If there is a break in any of the convolutions the balance is not disturbed, even 
when the terminals are connected. 

S. If a convolution is short-circuited the balance is disturbed, even though the 
terminals are not connected, and the sound produced is the fundamental of the rheo- 
tome employed to interrupt the primary circuit. 

4. If the insulation is defective the balance is disturbed, although the terminals are 
not connected, and a peculiar spluttering effect is noticed like that produced by a 
series of sparks. 

I propose to apply this method practically as a means of testing the condition of the 
helices used in the construction of Induction Coils and those employed in the manufac- 
ture of telephones. 
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the lower block B a few smart blows with a wooden mallet we were 
able to reduce the arrangement to complete silence. 

The instrument was then in such a sensitive condition that it 
could scarcely be moved without affecting the balance. Upon 
gently swaying it backwards and forwards a pulsation of sound 
was heard at every swing. 

When the motion was carefully made, so that it was always in 
the same plane, no pulsations were observed. They only occurred 
when the inclination of the coils was changed. 

This defect was found to be due to the bulging of the thin por- 
tion G of the wooden case (fig. 18) under the weight of the 
enclosed coil, and the simple pressure of a finger on this portion 
of the case disturbed the balance. The movement of the lower 
coil when the instrument was swayed about must have been 
inconceivably small, but on account of the extreme sensitive- 
ness of the arrangement it produced a perceptible effect upon the 
balance. 

The pulsating sound did not seem to interfere with the detection 
of a bullet held in the clenched hand, nor did it seem to affect the 
hearing distance. I therefore despatched a messenger to the 
Executive Mansion (Sunday morning, July 31) with a note for 
Dr. Bliss, M to let him know that the instrument was in a condition 
to be used, should any necessity arise for an immediate experiment. 
• At the same time I informed him that the apparatus in its present 
form was very crudely constructed, and that I hoped to improve it 
very greatly in the course of a few days. On Sunday afternoon 
(July 31) we sent to the Soldiers Home for John McGill, upon 
whom we had experimented the previous day without results (us- 
ing the apparatus shown in fig. 11). 

Upon trying the new instrument (fig. 18) we had no difficulty 
in finding a sonorous spot in his back, at the place where the bullet 
was always supposed to be. 

This result was at once communicated to Dr. Bliss, 25 and in 
reply we were requested to make the experiment upon the person 
of the President next mdrning. 

On Monday morning (August 1, 1881) we accordingly removed 
our apparatus to the Executive Mansion. 

*« See Appendix, note U. SB See Appendix, note 15. 
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The Late Pi^esident Garfield. 

Daring the former experiment (July 26) a sadden sonorous effect 
had been observed upon passing a point near the spot where the sur- 
geons suspected the bullet to be lodged, but I had been unable to 
verify this by a second observation, although the exploring instru- 
ment (A B, fig. 13) was repeatedly passed over the same place. 
The sound had been so loud and well marked that I believed at the 
time it must have been caused by a sudden irregularity in the 
vibration of the reed of the rheotome used to interrupt the pri- 
mary circuit, for the arrangement ( as explained above, ) was not 
perfectly balanced, and any irregularity of this kind would, under 
these circumstances, have affected the telephone. At the same 
time the coincidence was remarkable that the exploring instrument 
should have been at that very time so near the suspected seat of 
the ball, and this led to the thought that perhaps after all the 
bullet had been the cause of the sound.- I felt confident that the 
new instrument (fig. 18) would at once decide the question, for 
the extreme hearing distance of the former apparatus (fig. 13) 
was only 6 cm., and the apparatus shown in fig. 18 was so superior 
in this respect that if the sound had really been due to the bullet 
we should obtain with the new instrument distinct and well-marked 
effects. When the new explorer (fig. 18) was passed over the 
suspected spot nothing was heard excepting a slight pulsating 
sound as the instrument was moved to and fro. This was evidence 
to me that the former sound had been of accidental origin, whether 
the bullet was there or not. With a view of eliminating any error 
of observation caused by the pulsations due simply to the movement 
of the instrument, I lifted the latter (without changing the inclina- 
tion of the coils) to a height of about fifty centimetres above the 
body of the President, and moved it to and fro in as nearly as 
possible the same way I had done at the lower elevation. 

I presumed that if the pulsations heard were due simply to the 
movement of the instrument, they should occur with equal strength 
at the two elevations; but if any portion of the sonorous effect 
was due to the influence of the bullet, the pulsations at the two 
elevations would be different in intensity. I was struck by the fact 
that, although the sonorous pulsations were very feeble, they were 
sensibly louder when the instrument was close to the surface of 
the body than when it was raised. Continuing the exploration, I 
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found a considerable area over which similar effects were noticed, 
but upon carrying the instrument towards the back of the Presi- 
dent, the difference between the pulsations produced at the two 
elevations grew less and less, and finally could not be distin- 
guished. 

The difference in the loudness of the sound at the two eleva- 
tions was so slight that it probably would not have been noticed 
by an ear unaccustomed . to listen to feeble effects, and I feared 
that the general expectation that the bullet would be found in that 
part of the body might have led me to imagine a difference that 
did not exist. For the purpose of eliminating as far as possible any 
personal error, I requested Mr. Sumner Tainter (who was the only- 
other person present whose ear had been sufficiently trained to be 
reliable in such an emergency) to repeat the experiments and let 
me know the result. Upon our return to my laboratory we com- 
pared notes, and I found that his observations tallied with mine. 
He declared he could not obtain a distinctly localized effect, but 
stated that he had observed a reinforcement of the pulsation over 
an area of at least two inches in the neighborhood of the spot to 
which his attention had primarily been directed, and that he was 
convinced that the bullet was within that area. 

It appeared reasonably certain that the area of feeble sound was 
due to some external cause, and was not simply an effect of ex- 
pectancy. In the absence of any other apparent cause for the 
phenomenon I was forced to agree in the conclusion that it was due 
to the presence of the bullet, and I so stated in my report to the 
surgeons. 26 I was by no means satisfied, however, with the re- 
sults obtained, for no such effects had been observed before in our 
experiments with bullets. I tried to reproduce the effects by 
moving the instrument (fig. 18) at different distances over a bul- 
let, but in every case where an effect was produced the sound was 
quite sharply localized. I thought that perhaps the body of the 
patient might have affected the result, and so experimented upon 
a bullet buried in a piece of meat, but no difference of effect was 
noted. This led me to fear that the extensive area of feeble sound 
might have been due to some extensive area of metal that was un- 
suspected at the time, and I proceeded to the Executive Mansion 
next morning (August 2) to ascertain from the surgeons whether 
they were perfectly sure that all metal had been removed from the 

30 See Appendix, note 16. 
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neighborhood of the bed. It was then recollected that underneath 
the horse-hair mattress on which the President lay was another 
mattress composed of steel wires. 

Upon obtaining a duplicate, the mattress was found to consist of 
a sort of net of woven steel wires, with large meshes. The extent of 
the sonorous area having been so small, as compared with the area 
of the bed, it seemed reasonable to conclude that the steel mattress 
had produced no detrimental effect. 27 I was unable to continue 
experiments with the steel mattress, as just at this time I was 
obliged to leave Washington on account of illness in my family. 
Although I was unable for a long time afterwards to carry on per- 
sonally Induction Balance experiments, the investigations were 
ably continued under my direction by Mr. Thomas Gleason, in the 
establishment of Mr. Charles Williams, Jr., in Boston. 

Experiments continued in Boston. 

Mr. Tainter forwarded from Washington drawings of an im- 
proved apparatus he had designed, to remedy the defects of the in- 
strument shown in fig. 18, in which the case, adjusting screws, 
etc., were all to be composed of ebonite. 

Mr. Gleason constructed for me a number of such ebonite in- 
struments differing slightly from one another in detail, and tlie 
apparatus shown in fig. 20 combined the different points that had 
been approved. 

The two coils A B were eccentrically arranged in two circular 
disks of ebonite, C D, and the adjustment was obtained by means 
of an ebonite key O, like the key used for tuning pianos, which 
turned a cam M pivoted in the upper disk and working in a slot 
N in the lower disk. 

In order to prevent any movement of the coils, excepting that 
produced by the adjusting-key O, each coil was placed in a recess 
turned out in its ebonite disk, the edges of which were bevelled 
as shown at R. Paraffine was then poured in so as to fill up each 
recess. But this alone did not prevent a slight pulsation of sound 
when the instrument was swayed from side to side, and a very 
slight pressure of the finger on the thin portion of the ebonite plate 
under the coil B was sufficient to destroy the balance. 

27 The death of President Garfield and the subsequent post-mortem examination, 
however, proved that the bullet was at too great a distance iiom the surface to have, 
affected our apparatus. 
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This was remedied by strengthening this portion by means of a 
rod of ebonite, which passed up through tbe centre of the coil and 
through a slot I, in the upper ebonite plate, and was clamped 
firmly after the adjustment of the instrument by an ebonite thumb- 
screw H. This, however, increased the difficulties of adjustment. 
When tbe coils were adjusted to silence, then the tightening of the 
thumb-screw H disturbed the balance ; and if the thumb-screw H was 
tightened first, then tbe adjustment could only be made by a series 
of jerks, on account of friction. In practice we found it best to 
adjust the instrument aU 
~^~ ' most to silence, and then 

the tightening of the 
thumb-screw H com- 
pleted the balance. 

This was the form of 
apparatus at which we 
had arrived at the time 
of the death of President 
Garfield. 

The difficulty of ad- 
justing the coils led me 

ultimately to the idea of 

the apparatus shown in 
figs. 21, 22, 23, 24, which 
is the most practical 
form of the instrument 
yet devised. 

Tbe two exploring 
coils A B (fig. 21) are arranged as shown, in a recess turned out 
in a single block of wood C. 

Tbe coils are temporarily connected with a telephone, battery 
and rheotome in the manner shown in fig. 1, so that they may be 
adjusted by hand to forma balance. When they have been ar- 
ranged in their position of silence the hollow in tbe block of wood 
C (fig. 21) is filled with melted paraffine. Upon cooling, the two 
eoila'are found immovably fixed in one solid cake of parafflne. 

As a matter of practice it is found impossible to fix the coils in 
this way exactly in their position of silence ; but by means of two 
other very small coils, Ji E (fig. 22), of insigniBcant resistance, 
forming a sort of fine adjustment external to the explorer, a per- 
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Fig.25. 




feet balance is easily obtained. In this instrument the swaying of 
the coils A B produces no effect upon the balance. 

The completed arrangement is shown in plan in fig. 22, and the 
explorer and balancing coils are shown separately in perspective 
in figs. 23 and 24. 

On account of the small size and slight resistance of the bal- 
ancing coils we were enabled to 
make the adjustable parts of the 
balancer of metal without practical 
interference with the sensitiveness 
of the exploring instrument, and 
this gave us the power of making 
very delicate adjustments of the 
balancing coils. 

We found it advisable, however, 
to avoid placing metal over the 
sensitive area of the coils as had 
been done in the instrument shown 
in fig. 24. 

In the balancing apparatus 
shown in fig. 25 (which is the most perfect one yet constructed), 
the lever to which the upper coil is attached is made of hard 
rubber. 

In fig. 26 is shown the most convenient form of case yet devised 
for holding the exploring coils. 

By invitation of Dr. Frank Hamilton, experiments were made 
at his office in New York, Octo- 
ber 7, 1881, the instruments *ig26. 
used being those shown in figs. 
22, 23, 24. 

As this was the first success- 
ful application of the Induction 
Balance to the discovery of the 
situation of a ball in the body, 

the position of which was previously unknown, I may be pardoned 
for entering somewhat into detail. 

I shall quote from the Medical Gazette 2 * of New York, an account 
of the experiments written by one of the witnesses : 




a* See Medical Gazette, Oct. 15, 1881, pp. 347-349. 
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" The First Successful Application. 

On Friday, Oct. 7, by invitation, several medical gentlemen, 29 
in61uding the writer, met Prof. Bell at the house of Dr. Frank H. 
Hamilton, in this city, for the purpose of witnessing the practical 
application of his improved instrument. 

The first person subjected to experiment was General Calvin E. 
Pratt, judge of the supreme court of the State of New York, and 
who is now a resident of Brooklyn. General Pratt, at the battle of 
Gaines* Mills, June, 1862, this being the second day of the famous 
seven days' retreat across the peninsula, received a ball in his left 
cheek, which penetrated through the nares and was lodged in the 
right antrum. Its presence at this time was recognized by his 
surgical attendant, Dr. Damainville, and its exact position has been 
known from that day until this, it having given rise at times to 
much pain and suffering. 

General Pratt has been seen by Dr. Hamilton and Dr. Damain- 
ville occasionally from that time forward, and they have from time 
to time urged upon him the necessity of its removal. General 
Pratt, however, was anxious to know whether Professor Bell's in- 
strument would indicate its presence at the same point as declared 
by his surgeons. 

The results of the experiment were conclusive and entirely sat- 
isfactory to General Pratt, the response being heard distinctly, but 
rather feebly, by every person present in the room. The feeble- 
ness of the response was supposed to be due to the fact that, owing 
to its situation and the peculiar form of the instrument containing 
the induction coils, it was impossible to bring the centre of its 
surface very near the site of the ball, the ball being situated very 
near the depression at the ala of the nose. 

The next patient was Col. B. F. Clayton, who received a wound 
at the battle of Cedar Mountain, Virginia, Aug. 9, 1862. 

The missile was supposed to be. an Enfield rifle ball, and the 
wound was supposed to be mortal by the medical director of Gen- 
eral Banks' staff and his assistants. The ball passed through the 

39 « The following are the names of the medical gentlemen who were present, each 
one of whom verified personally the results and declared his entire satisfaction with 
every experiment that was made : J. C. Hutchinson, J. G. Johnson, and J. G. Allen, of 
Brooklyn; Elias Marsh, of Patterson, N. J.; Nathan Bozeman, J. H. Hunter, G. Dur- 
ant, F. Delafield, L. Damainville, W. M. Chamberlain, J. H. Girdner, Frank H. Hamil- 
ton, and E. J. Bermingham, of New York." 
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sternal end of the left clavicle, and was supposed to have lodged 
in the muscles under the superior angle of the corresponding scap- 
ula. The injury was followed by complete paralysis of the left 
arm, continuing for a period of six months ; and his arm has never 
yet been completely restored to its normal condition. He suffers 
a great portion of his time from pains in the arm, shoulder, and 
portions of the back. 

Several small fragments of bone escaped through a fistulous 
orifice formed near the seat of the original wound. 

About eighteen months later an abscess opened on the front 
of the chest below the fifth rib and to the left of the sternum. 
Through this sinus his surgeon was able to carry a probe upwards 
and backwards towards the top of the shoulder several inches, and 
which sinus was supposed then to communicate with the seat of the 
ball on the back. 

Pleural adhesions were recognized by the medical attendants 
as having occurred in the upper part of the left thoracic cavity. 
He has been troubled occasionally ever since the injury with 
cough, expectoration, and violent palpitations of the heart. A 
suspicion has even been entertained that the fistulous canal which 
remained open a period of eighteen months, and then became per- 
manently closed, communicated with the bronchial tubes, but at 
no time was a suspicion entertained by him or his medical atten- 
dants that the ball was not lodged in the back and there closely 
encysted. 

We are disposed: to mention as an evidence of Col. Clayton's 
loyalty and faithfulness as a soldier that within six months 
of the receipt of the injury, and while the wound was still dis- 
charging pus and blood, he returned to active duty with his regi- 
ment and remained in the field until the close of the war. 

In the presence of the gentlemen assembled Col. Clayton exposed 
his chest, and Professor Bell proceeded to move the coils across 
that portion of his back where the ball was supposed to be situ- 
ated, the colonel indicating the point underneath the superior 
angle of the scapula as that which had been fixed upon by him- 
self and all the surgeons who had examined him as its exact seat. 
Although being buried underneath the scapula, they had not been 
able to verify their diagnosis by the sense of touch. Repeated ex- 
aminations were made over this region, without any response, both 
by Professor Bell and several of the gentlemen who were present. 
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The instrument was then moved in every direction across the 
back and shoulders with the same result. There was an evident 
feeling of disappointment on the part of Professor Bell and all 
the gentlemen present, for no one entertained a doubt up to this 
moment that the situation of the ball was known and correctly 
stated by Col. Clayton. 

It was not until the lapse of half an hour, and a thorough 
examination on the part of Professor Bell to determine if there 
was not some imperfection in the working of the apparatus, that 
it was suggested to move the instrument along the front of the 
chest. 

This was done by Professor Bell, and immediately he ex- 
claimed : ' I have found it ! ' And such was evidently the fact, 
as was verified by the personal examination through the telephone 
by every gentleman present. The response 
when the instrument was moved over the seat 
of the ball was loud and distinct, and left no 
room for doubt." 

After all the visitors present had had the 
opportunity of verifying my discovery of the 
sonorous spot on the chest of Col. Clayton, 
experiments were made to determine as ac- 
curately as possible the exact position of the 
ball. 

The exploring instrument (fig. 23) was first held over that part 
of the chest where the maximum sound was obtained. The instru- 
ment was then moved slowly towards the left until the sound could 
no longer be perceived. The position of the centre of the instru- 
ment was noted, and a vertical line (A B, fig. 27) was drawn with 
ink upon the skin through that point. This line indicated the 
boundary of the sonorous area towards the left. The experiment 
was then repeated by moving the instrument from the point of 
maximum sound towards the right, and also upwards and down- 
wards, giving us the four boundary-lines shown in the diagram, 
(fig. 27). The bullet was thus located within a square, C, of 
about one inch. 

u The exact position of the ball," as described in the Medical 
Gazette, " was found to be within the thorax, probably in imme- 
diate contact with the inner surfaoe of the ribs, the point being a 
little to the left of the sternum, between the third and fourth ribs. 
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and two or three inches above the cicatrix on the front of the 
chest, where the sinus, long since closed, had evacuated itself, and 
in a direct line from this cicatrix towards the left shoulder, which 
indicated the line of the track of the original sinus." 
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Experiments with Needles, 

During my absence from Washington and from all conveniences 
for experimenting personally with Induction Balance apparatus, I 
devised a method of verifying the indications of the Induction 
Balance and of ascertaining the exact depth at which a bullet lies 
beneath the surface. This method was communicated through Dr. 

Woodward to the sur- 
geons in attendance on 
President Garfield, and 
it was made the subject 
of a special paper pre- 
sented to the French 
Academy of Sciences, 
Nov. 7, 1881. 

This method, although 
involving extremely 
slight pain, would or- 
dinarily be used only as 
a preliminary to an oper- 
ation for the extraction 
of a bullet. The arrangement is shown in fig. 28. A fine 
needle A is connected to one terminal of a telephone, and the 
other terminal makes contact with a plate B, preferably of the 
same material as that composing the needle. Place this metallic 
plate B against the surface of the patient's skin and thrust the 
needle into that portion of the body where the bullet is believed 
to be lodged. When the point of the needle makes contact with 
the surface of the bullet C, a galvanic battery will be formed 
naturally within the body, the two poles of which are respectively 
the leaden bullet C and the metallic plate B. Under these circum- 
stances a click will be heard from the telephone each time the 
bullet is touched by the needle. This has been verified by experi- 
ments upon bullets buried in a joint of meat. The click, though 
feeble, is unmistakable. 
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I have no doubt that this method of exploration alone, without 
the induction balance, would prove of great service upon a field of 
battle, where the employment of complicated apparatus is im- 
possible. ' Mr. Thomas Gleason has recently communicated to me 
the particulars of an experiment he witnessed, in the course of 
which this method was tried upon a living subject. The surgeon 
who conducted the experiment was unable to obtain any response 
from the induction balance employed, although from certain indi- 
cations apparent to the sense of touch he believed that the bul- 
let was located in the part of the body submitted to experiment. 

To verify his supposition a needle connected as above (fig. 28) 
was thrust into contact with the hard substance perceived, but 
no response was made by the telephone. The surgeon, how- 
ever, believing that the bullet had been found, etherized his 
patient and proceeded with an operation, but discovered, when too 
late, that the bullet was not there. 

Further Modifications of Induction Balance. 

I sailed for Europe early in October, 1881, and have had no 
opportunity since of continuing my researches until quite recently. 
While I was in Europe, however, Mr. Sumner Tainter devised a 
new kind of induction balance which deserves mention here. The 
results obtained with this apparatus in its present form (fig. 29) 
are not to be compared with those produced by the best instru- 
ments described above, but there are undoubtedly great possi- 
bilities of future development. 

The important feature is that the exploring instrument E con- 
sists of a single. coil, so that there is no possibilit}' of any part of 
the explorer getting out of adjustment. All the adjustments are 
made upon the stationary part of the apparatus. 

The current of the battery is divided between two equal circuits. 
One of the primary circuits contains the coil A and the exploring 
coil E, atod the other circuit the coil C and a rheostat R. Coils A 
and C are exactly similar ; and if the resistance introduced at R 
is equal to the resistance of the exploring coil E, an acoustic 
balance can be obtained by the adjustment of the secondary coils 
B D upon the primaries A C ; but if the resistance introduced at 
R is different from that at E, Mr. Tainter states that no balance is 
possible. 

When the apparatus is adjusted to silence the approach of a 
bullet to the coil E destroys the balance. 
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Although the great object of the researches that have been 
brought before you to-day has been to find that arrangement of 
balance which will detect a bullet at the greatest distance from the 
coils of the explorer, it must not be forgotten that in every case 
the instrument is more sensitive to the presence of a bullet placed 
inside the exploring coils than to one exterior to them. When, 
therefore, we seek the location of a bullet in one of the limbs, it 




may be advisable to use an annular coil large enough to slip easily 
over the leg or arm, as the case may be. 

In Mr. Tainter's arrangement the exploring coil E (fig. 29) 
might simply be a large ring consisting of a number of convolu- 
tions of thick wire which could be slipped over the limb, or the 
ring might consist of two coils, forming one side of a Hughes' in- 
duction balance. 

In either case the loudest sound will be produced when the bullet 
is in the plane of the ring, and its exact location should be deduced 
from three observations. Suppose, for instance, that with the ring 
inclined in a particular direction the maximum sound is observed 
when the ring occupies the position A B (fig. 30). We know then 
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that the bullet is in that plane. Now, incline the ring in some 
other direction and explore again. Let the position of maximum 
sound be now C D. We know then that the bullet is somewhere 
on the straight line formed by the intersection of- the planes A B 
and C D. It is only necessary 
then to make a third observation Fig-SO. 

with the apparatus so inclined that 
the plane of the ring cuts this 
straight line, for instance, the po- 
sition £ F. The point of inter- 
section of the three planes G is 
then the exact point occupied by 
the bullet. i 

I shall conclude this paper by ^ 

the description of an experiment 

made in Newport, K. I., a few days ago.' The results are so un- 
precedented in my experience that I feel they cannot be received 
as implicitly reliable until the experiments have been repented and 
verified. 




I bad arranged upon a table three coils (as shown in fig. 31). 
The large flat primary coil A was connected with a battery of 
four Bunsen elements and an interrupter, as shown, and the two 
small secondaries of fine wire, B C, were connected with a tele- 
phone. 
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The secondary B was moved about on the primary A until a po- 
sition of silence was obtained. Upon bringing a leaden bullet near 
C the balance was disturbed and a distinct sound produced from 
the telephone. There is nothing very strange about this when we 
know that the distance between A and C was only fifteen centi- 
metres, 9 so that C was well within the field of induction of A ; but 
what did seem extraordinary was that the approach of the large 
steel blade of a penknife to the coil C produced no effect ! The 
iron diaphragm of a hand telephone brought close up to the coil C 
produced no sensible disturbance of the balance, whereas a small 
disk of lead produced quite a marked effect. A disk of copper 
the size of a telephone diaphragm also produced a good effect, but 
the sound was not sensibly louder than that due to the small leaden 
disk. A diaphragm of zinc occasioned a feeble, but distinct, dis- 
turbance of the balance. It is unfortunately the case that in all 
the forms of induction balance described above, lead gives the 
poorest effect of all metals. If people would only make their bul- 
lets of silver or iron there would be no difficulty in finding them 
in any part of the body ! In the apparatus shown in fig. 31, how- 
ever, it seems (unless subsequent experiments should reveal some 
fallacy) that we have an arrangement which is sensitive to lead 
and not to iron, or, at all events, which is more markedly influ- 
enced by lead than iron. 

It is hardly necessary to state that when the coil C was removed 
to a considerable distance from the primary A, no effect was pro- 
duced by the approach of metal to the coil C. 

I have in this paper brought before you an outline of a labor of 
love pursued through many anxious days and sleepless nights. 
However imperfect or disappointing may be the results so far 
achieved, they are sufficiently encouraging to enable us to look 
forward with confidence to the attainment of still greater per- 
fection. 

I hope to continue these researches in the future ; and certainly 
no man can have a higher incentive to renewed exertion than the 
hope of relieving suffering and saving life. 
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Note 1. — Another mode of painless exploration suggested itself to my 
mind at this time, based upon the fact that a leaden bullet is much more 
opaque to light than the substances composing the human body. » 

I was aware of the fact that the ingenious M. Trouv6e, of Paris, had, 
by means of his polyscope, produced a light inside a living fish, and was 
thus enabled in the dark to see the anatomical structure of the fish as it 
swam about in a vessel of water. 

M. Trouvge had himself shown me a modified form of this apparatus 
for the illumination of the interior of the human stomach, and I under- 
stood him to say that when the instrument was used the body of the patient 
could be seen in the dark, faintly illuminated, like a Chinese lantern, and 
that the extent and location of tumors in the stomach could be detected 
on account of their great opacity. 

It occurred to me that leaden bullets were certainly more opaque than 
tumors, and that a painless method of exploration might be based upon 
the observations of M. Trouv6e. 

It would evidently be impracticable, in the great majority of cases, to 
introduce into the stomach any illuminating apparatus ; but if the light of 
a properly protected incandescent platinum spiral, introduced into the 
stomach, could produce effects visible from the outside — that is, if this 
feeble light could penetrate through the substance of one-half of the 
body — then why should not the intense light of an electric arc, or of a 
lime light, penetrate the whole body from one side to the other so as to 
produce similar effects? 

The most feasible plan that occurred to me was to place an electric lamp 
at one end of a long opaque tube, and to apply the other end closely against 
the skin of the patient. The interior of the tube between two plate-glass 
diaphragms could be filled with a saturated solution of alum, or some other 
highly-absorbent transparent substance, so as to obstruct the passage of 
heat rays. 

Of course, the whole apparatus was to be so arranged that no light 
from the lamp could escape into the room to interfere with the experiment. 

Under these circumstances, the body of the patient, or at least a portion 
of it, should, in a dark room, appear self-luminous; and it seemed possi- 
ble that the shadow of an embedded bullet might be projected upon the 
skin. The track of the bullet might also, perhaps, be discernible as an 
illuminated streak either more or less bright than the surrounding surface. 

These considerations led me to try a number of experiments, which 
proved that the method was feasible where the bullet was very near the 
surface of the body. On account of the great and irregular refraction of 
light in passing through the tissues of the body, I doubt whether the 
shadow of a deeply-seated small bullet could be distinguishable upon the 
skin, unless, indeed, a very brilliant light emanating from a single point 
could be safely produced inside the body. 
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The following experiments bearing upon the subject were made in Bos- 
ton, July 6, 1881, with the assistance of Mr. Wm. Schuyler Johnson : 

Experiment 1. — Mr. Johnson placed in his mouth a glass cylinder con- 
taining a spiral of platinum wire, which was rendered incandescent by 
the passage of an electrical current. He also held in his cheek a small 
leaden bullet. 

In a dark room the effect was very striking. The cheek appeared semi- 
transparent, and the location of the bullet was detected at a glance by a 
shadowy spot upon the skin. 

Experiment 2. — A metallic glove button (not more than 4 or 5 mm. in 
diameter) was attached to the glass cylinder by a few turns of black thread 
passed round the cylinder. 

In this case the effect, although not so marked as in the former experi- 
ment, was quite discernible, and a faint shadowy streak could be seen 
crossing the cheek, caused by the shadow of the black thread tied round 
the cylinder. 



Note 2. — Letter from Mr. George M. Hopkins, published in the New York 

Tribune, July 11, 1881. 

LETTERS FROM THE PKOPLE — THE BULLET FIRED BY OUITEAU. 

A suggestion that the Induction Balance be used to discover its position in the 

President's body. 

To the Editor of the Tribune : 

Sir: The attempt upon President Garfield's life and the present con- 
dition of the sufferer have called forth the nation's deepest sympathies, 
and elicited very many suggestions as to the methods of promoting his 
comfort and assuring his recovery. 

As one crisis after another has passed hope has risen, and the people 
wait with earnest desire for the last danger to pass away. 

The attending and consulting surgeons state that it is impossible to 
predict the final result of the shot without locating the ball. 

With all deference to the several methods proposed, I desire to suggest 
a method of ascertaining the position of the missile which will be painless 
and harmless, and which, in my experiments under conditions analogous 
to those under which it might be practised in the present instance, has 
proved successful. I refer to the use of the Induction Balance — a most 
delicate electrical instrument for detecting the presence of metals — a 
modified form of which could be easily applied in this case with a reason- 
able expectation of success. This instrument consists of two short glass 
cylinders, around each of which are wound two parallel coils of fine insu- 
lated copper wire. 

One coil of each pair is included in a battery circuit, in which there 
is a clock microphone. The other pair is placed in a closed circuit with a 
receiving telephone. The two glass cylinders, with their encircling coils, 
may be widely separated. 

The induction set up in the secondary or telephone circuit is balanced 
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by the reversal of one of the secondary colls, and so adjusted that tjie 
induction in one of the secondary coils exactly balances or neutralizes the 
induction in the other, so that when the ear is applied to the receiving 
telephone no sound is heard. 

Now, by placing ever so small a piece of metal in one of the glass cy- 
linders, the electrical balance is disturbed and the clock on the microphone 
is heard to tick loudly, thus indicating the presence of metal, and the same 
is true if the coil be placed in the vicinity of a piece of metal. 

It occurred to me to try the effect of a lead bullet upon the instrument, 
placing it at different distances, and separating it from the coil by insulat- 
ing material. The result exceeded my anticipations, as with a set of coils 
that were by no means sensitive I was able to locate the bullet with the 
coils raised a vertical distance of nearly two inches. With more sensitive 
apparatus it is more than probable that the bullet might be located, even 
though distant several inches, by passing a pair of coils over the Presi- 
dent's back and abdomen ; and by comparative tests the depth of the 

bullet might be ascertained. 

GEORGE M. HOPKINS. 
Brooklyn, July 10, 1881. 



Note 3. — Letter from Mr. O. M. Hopkins to Private Secretary Brown, en- 
closing printed description of Hughes' Induction Balance. 

Office of tub Scientific American, No. 37 Park Row, 

New York, July 11, 1881. 
Mr. J. Stanley Brown, 

Executive Mansion, Washington, D. C, : 

My Dear Sir : I send herewith a full description of the Induction Balance 
as promised in my note of yesterday. I will send the apparatus for trial if 
desired. 

I am certain that the bullet can be located with it if it is not too deeply 
seated. 

Please advise Dr. Bliss. 

Very respectfully, 

GEO. M. HOPKINS, 

of the Scientific American*. 



Note 4. — Letter from Mr. Geo. M. Hopkins to Private Secretary Brown ac- 
companying the Hughes 1 Induction Balance apparatus he forwarded 
to the Executive Mansion for trial. 

60 Irving Place, July 13, 1881. 
Mr. J. Stanley Brown : 

Dear Sir : I give below a few suggestions in regard to the use of the 

Induction Balance sent herewith. 

Very respectfully, 

GEO. M. HOPKINS. 
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•Suggestions: Connect A to A, B to B, etc., as marked on the wires. 
Strength of current used, 15 or 20 volts. 

A strong current extends the influence. Use the clock interrupter, and 
place a drop of mercury in the vulcanite cup to make connection. 

The coils are now adjusted to " silence," but will probably have to be 
readjusted on their arrival in Washington ; as a ihj inch movement of one 
of the coils will throw it out of adjustment, it will be seen that the ad- 
justment is a matter of great nicety. Two telephone receivers should be 
employed, and the most acute sense of hearing is required to distinguish 
the ticking when the ball is two inches distant from the coils. 

The shorter instrument is Intended for application to the patient should 
it be considered sufficiently sensitive to warrant the experiment. 

As a preliminary experiment pass the induction balance over the pocket 
containing coins, keys, etc. ; also over buttons, buckles, etc., attached to 
the garments. 

Lead is the poorest of all metals to locate with this instrument. If the 
ball were of iron it could be readily found at a distance of 8 or 4 inches. 



Note 5. — Telegram from Professor Newcomb. 

Executive Mansion, 
Washington, D. C, July 18, 1881. 

To Prof. A. G. Bell, 

Care of Chas. Williams, 109 Court St., Boston, Mass, : 

Perhaps small core for coil no larger than bullet, with very fine wire, 
might give best effect. Shall telegraph to Rowland to know best theoret- 
ical form. Telegraph me or Brown, care Executive Mansion, what train 
you take. 

S. NEWCOMB. 



Note 6.— Telegram from Prof John Trowbridge. 

Bar Harbor, Maine, July 16, 1881. 
To Secretary Brown, 

White House, Washington, D. C, for Professor Bell : 

Make resistance of secondary coils equal to telephone. Put large num- 
ber of turns of wire on primary and secondary coils. Primary coils long 
compared with width. Put secondary coils around middle of primary coils. 

JOHN TROWBRIDGE. 
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Note 7. — Telegram and letter from Professor Bowlandto Professor Newcomb. 

Hunter, N. Y., July 14, 1881. 
To Prof. Simon Nkwcomb, 

Executive Mansion, Washington, D. C. : 

Telegram just received. Make cores four inches long, with six layers 

of number twenty wire ; diameter an inch and one-half. Make outer coil 

half an inch wide and half an inch thick, of finest wire, and slip over inner 

coil at its end. 

H. A. ROWLAND. 

Letter following above telegram. 

Hunter, July 14, '81. 
Professor Newcomb : 

Dear Sir : When your telegram arrived I had gone to the Hotel Kaaters- 
kill, about ten miles from here, to stay over night. The telegram was sent 
back to the office to be sent to me, and my friends thought I had received 
it; but the stupid man here simply kept it and would not send it, because 
he had no authority to send it farther. 

I have telegraphed back a reply. The dimensions should probably be 
about as follows : 






j-ZftCh 



Of course, the two must be precisely alike, and the induction coefficients 
of one should be made to vary by a screw, which would move one of the 
secondary coils nearer to or farther from the end of the primary. 

Yours truly, 

HENRY A. ROWLAND. 
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P. 8.— For these dimensions a telephone with many terns of fine wire in 
its coil would be best. 



Note 8.— Communications with Prof. D. E. Hughe*, of London, England. 

(a.) Cablegram to Mr. Preece, Superintendent Postal Telegraph, London, 

England. 

Washington, July 15, 1881. 
To Prebce, 

London : 

Can Hughes suggest form of Induction Balance to locate leaden bullet 
in President? If so, cable at my expense. 

GRAHAM BELL. 



(6.) Telegraphic reply to above. 
Whitney, 

Washington, D. C. : 

Preece says to Graham Bell, Washington : " Interesting and hopeful 
letter from Hughes with diagrams sent you to-day." 

W. GREEN, 
Pres. West. Union Telegraph Co. 



(c.) Note from Mr. Preece enclosing letter from Professor Hughes. 

General Post Office, London, England, 19 July, 1881. 

My Dear Bell : The enclosed very interesting letter from Hughes, will 
enable you to make some experiments, which I trust will result in success. 

Yours, sincerely, 

W. H. PREECE. 
Prof. Alexander Graham Bell, 

Washington, D. C. 



(d.) Professor Hughes to Mr. Preece. 

108 Gt. Portland street, W. London, July 18, 1881. 

Dear Preece : In reply to yours of to-day enclosing telegram from Prof. 
Graham Bell, I believe a specially- constructed Induction Balance could be 
made to locate the leaden bullet in President Garfield, provided the ball was 
nearer to one side of his body than the other. 
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Suppose we have two flat superposed coils on a single reel, so that these 
two coils form a single one as regards their relative distance ; these coils, 
if connected with the usual adjusting coils of my balance, could be reduced 
to silence ; then, on moving these coils near a metallic body, sounds would 
be heard. Thus the only difference would be instead of as usual taking 
the metallic body to the coils upon a fixed table, we take the coils to a fixed 
body in which we suppose metal, such as a bullet, to be hid. 



Eatttry 
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Now, suppose we take coil A and move it over a body with a bullet, 
thus : 




If bullet near C, we should hear it when colls Just above it; at E, when 
the coils were below ; but if bullet in the centre of the body, then we 
should have equal or probably no indications. 

All this could be most easily done and with some results if the bullet 
had been of copper or silver, but lead has such a high resistance and gives, 
consequently, very feeble tones. 

We can easily hear a copper penny at some inches distant from the coils, 
but lead requires that it should not be more than one or two inches distant : 
consequently, more sensitive coils would be required or a larger battery. 

I think the experiment a hopeful one, and above all that the coils are 
easily made, and simple experiments could be first made to find a bullet in 
a mass of cotton, etc. 

The microphone is invaluable as a probe for bullets. I made the first 
for Sir Henry Thomson to find out stone in bladder. But it is even more 
applicable to bullets. It consists of a simple hammer and anvil microphone 
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adjusted upon the handle of the ordinary probe. The instant this probe 

touches any hard substance a loud sharp click is heard in the telephone. 

The smallest shot can thus be heard, and there is a very distinctive tone 

between when the probe strikes a bone or bullet. This instrument is well 

known to surgeons, so I need not say more about it. 

If you write to Professor Bell, please enclose this, as I should be pleased 

to hear of his success. 

Sincerely yours, 

D. B. HUGHES. 
W. H. Preecb, F. R. 8. 



Note 9.— Letter from Mr. Charles E. Buell to Col. Rockwell. 

Col. Rockwell : 

Dear Sir : Please suggest for me that in an electrical test to locate the 

bullet it will only be done with certainty by obtaining a balance, which can 

be done as follows: When the loudest tick is obtained by placing the 

inducing coil in the vicinity of the embedded bullet, then move another 

bullet of equal size towards the other coil of the bridge until a balance is 

had and no tick is' audible, when the embedded bullet will be known to be 

a like distance from its respective coil. 

CHARLES E. BUELL, 

Electrical Engineer, New Haven, Conn. 



Note 10. — Note from Dr. Chichester A. Bell. 

N. Y. Central R. R. t between Syracuse and Buffalo, 

July 16, 1881. 

Dear A. G. B. : If your coils are symmetrically arranged, should it not 
be possible to balance the effect of a bullet on one side by a bullet placed 
in a corresponding position on the other? 

Probably you have thought of this before, but , if not, it may be worth 

a three-cent stamp. 

Yours, truly, 

CHICHESTER A. BELL. 



Note 11. — Note and telegram from Mr. J. H. C. Watts. 

Balto., July 21, 1881. 
Prof. A. Graham Bell, 

1221 Conn. Ave., Washington, D. C. : 

Am working hard at our problem. Succeeded in reaching full three 

inches last night, but owing, I think, to my battery weakening somewhat, 

can hardly reach so far now. Won't you please advise me how you are 

getting along, and oblige, 

Yours, very truly, 

J. H. C. WATTS. 
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Telegram. 

Baltimore, July 23, 1881. 
Prof. A. G. Bell, 

Washington, D. C. : 

Have been unable to obtain satisfactory results since first trial and 

probably yours is at least as goqjd as mine. 

J. H. C. WATTS. 



Note 12. — Letter to Dr. Bliss. 

Volta Laboratory, 1221 Connecticut avenue, 

Washington, D. C, July 23, 1881. 
Dr. Bliss, 

Executive Mansion : 

My Dear Sir : You were kind enough to suggest that preliminary ex- 
periments should be made with the Induction Balance upon the person of 
Lieutenant Simpson, whose address you gave me. I accordingly commu- 
nicated with the lieutenant, and he came to my laboratory last night in 
company with Dr. Stanton. 

The new instruments we had hoped to use were not complete, so we 
had to content ourselves with the apparatus you tested the other day. 

Upon passing the coils over the back of the lieutenant, it was found that 
ut one spot a feeble sound made its appearance — too feeble, however, to be 
entirely satisfactory as evidence of the presence of a ball. I find that 
very feeble sounds like that heard are easily conjured up by imagination 
and expectancy, but the following facts seem to indicate that in this case 
the sound was due to an external cause — probably to the presence of a 
very deeply embedded bullet : 

1. The sound, although it could not always be distinguished, uniformly 
appeared, when audible, at the same spot. 

2. It was heard independently by Mr. Tainter, Dr. Stanton, and myself 
at the same spot. (If I recollect rightly, the lieutenant himself also 
located the sound, but my father could hear nothing.) 

3. A blindfold test was then made. Mr. Tainter closed his eyes and 
turned away while the coils were moved over different parts of the 
lieutenant's back. The moment the sonorous spot was covered Mr. 
Tainter declared he could hear the sound. We are to repeat the experi- 
ments with our new instruments as soon as they are completed, and I 
shall report progress. 

Yours, truly, 

ALEXANDER GRAHAM BELL. 



Note 13. — Letter to Dr. Bliss. 

Washington, July 27, 1881. 
Dr. Bliss : 

My Dear Sir : Permit me to make a few remarks upon the value of 
the indications of the Induction Balance in determining the location of 
a lead bullet embedded in the human body. 
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Positive deductions concerning the location of the ball can only be safely 
made from positive indications of Us presence. Negative indications may 
mean anything. 

For instance : If we hear a sound from the telephone connected with 
the balance every time the exploring coil is passed over a certain part of 
the body, this may be taken as proof positive that a metallic mass is to 
be found in the neighborhood of the sonorous spot. If, on the other hand, 
we fail to obtain audible effects, we are not entitled to conclude that the 
bullet is absent from the part explored, or that It is embedded at a greater 
distance below the surface than the penetrating distance of the instrument 
used, for the bullet may be within any part of the area explored and close 
to the surface without affecting the balance if it is flattened, and if it is 
so located that the plane of its face is nearly perpendicular to the plane 
of the face of the exploring coil. 

A few words may not be out of place here concerning the experiment 
made last night upon the person of the President. 

Before entering the President's room, I applied the telephone to my ear, 
and heard a peculiar spluttering sound which it was found impossible to 
extinguish by any adjustment of the coils. I satisfied myself, however, 
that the arrangement was in a sensitive condition, by holding near it a 
flattened bullet. The bearing distance appeared to be about four cm. 
When the exploring coil was passed over the back of the President near 
the spine, no definite pulsation of the sound was heard ; but when the 
coil was first passed over a portion of the front part of the abdomen near 
the right side, I heard at one point a sharp and sudden reinforcement of 
the sound. Upon moving the coil backwards and forwards a number of 
times over the same spot, I was unable to verify the observation. I 
should state hear that when a perfect balance is not obtained, it is not 
safe to place reliance upon a single observation of a pulsation in the 
sound, as a similar effect might be caused by an accidental irregularity 
in the vibration of the instrument used to interrupt the electrical current. 

The sound heard was distinct and well marked, but it would not be safe 
to conclude that it was clue to the presence of the bullet, unless the effect 
could be reproduced a number of times and always at the same spot. 

I think I mentioned to you that it was discovered yesterday morning 
that the application of a tin foil " condenser" to the Induction Balance 
markedly influenced the hearing distance, increasing it in our experiments 
by about one centimetre. 

A condenser was therefore connected to the arrangement used last 
night, but it has since been found that the condenser was only connected 
to one side of the balance, instead of to both. This mistake is enough 
to account for the difficulty experienced in adjusting the coils so as to 
obtain an acoustic balance, and for the observed reduction in the hearing 
distance. 

If it is of importance to locate the bullet at once, I would recommend 
an immediate repetition of the experiment with the condenser properly 
arranged. 

Whatever other results might be obtained, I feel sure we could, at all 
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events, settle immediately whether the sound I heard was doe to the pres- 
ence of the bullet or was an accidental phenomenon. 

If it is not important to locate the ballet at the present time, it might 
be well to postpone a repetition of the experiment, so as to give Mr. 
Tainter and myself more time to improve our apparatus. 

Yours, truly, 

ALEXANDER GRAHAM BELL. 



Note 14. — Letter to Dr. Bliss. 

Volta Laboratory, 1221 Connecticut avenue, 

Washington, D. C, July 81, 1881. 

My Dear Dr. Bliss : I write to let you know that my new form of 
Induction Balance gives brilliant promise of success. The indications 
with a flattened bullet are well marked and distinct at a distance of three 
inches, and audible effects can even be distinguished at Ave inches, but 
beyond three inches, silence and the greatest attention are requisite. 
Effects are produced at about two inches, when the bullet is held with its 
edge towards the instrument — a position that gave no results with our 
former apparatus. 

Altogether I feel very much encouraged. The apparatus in its present 
form is a very clumsy affair, the surface that would be applied to the per- 
son of the President measuring seven inches by four. I hope to reduce 
the size of the apparatus very greatly in a day or two. In the meantime, 
should any necessity arise for an experiment upon the President, we have 
much better chances of success than at any previous time. 

Yours, very truly, 
ALEXANDER GRAHAM BELL. 



Note 15. — Letter to Dr. Bliss. 

Volta Laboratory, 1221 Connecticut avenue, 

Washington, D. C, July 31, 1881. 
Dr. Bliss, 

Executive Mansion: 
Dear Sir : We have made experiments this evening upon the person of 
Private John McGill, an old soldier, who was wounded at the battle of 
Gaines' Mill, in 1862, and who still carries the ball that shot him. 

I found no difficulty in finding a sonorous spot in his back, where un- 
doubtedly the bullet lies embedded. 

Mr. Tainter also located the bullet in the same place. Upon pressing 
with the fingers upon the spot a lump could be felt between two of the 
ribs. We experimented upon this same man yesterday, using a similar 
form of Induction Balance to that we tried upon the person of the Presi- 
dent the other day, but could obtain no indications. 
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The new form of Induction Balance is so sensitive that a new difficulty 
is introduced by the effects produced by large metallic masses — for in- 
stance, gas lustres, iron fire-places, etc. 

I think also that the earth's magnetism affects the result. We shall in- 
vestigate these causes of disturbance to-night. 

Yours, sincerely, 
ALEXANDER GRAHAM BELL. 



16. Beport to the surgeons published in the daily papers Aug. 2, 1881. 

Volta Laboratory, 1221 Conn. Ave., 

Washington, D. C, Aug. 1, 1881. 
To the Surgeons in attendance upon President Garfield : 

Gentlemen : I beg to submit for your information a brief statement of 
the results obtained with the new form of Iuduction Balance in the ex- 
periments made this morning for the purpose of locating the bullet in the 
person of the President. The instrument was tested for sensitiveness 
several times during the course of the experiments, and it was found to 
respond well to the presentation of a flattened bullet at a distance of 
about four inches from the coils. 

When the exploring coils were passed over that part of the abdomen 
where a sonorous spot was observed in the experiments made on July 
26, a feeble tone was perceived, but the effect was audible a considerable 
distance around this spot. The sounds were too feeble to be entirely 
satisfactory, as I had reason to expect from the extreme sensitiveness of 
the instrument a much more marked effect. In order to ascertain whether 
similar sounds might not be obtained in other localities I explored the 
whole right side and back below the point of entrance of the bullet, but 
no part gave indications of the presence of metal, except an area of about 
two inches in diameter, containing within it the spot previously found to 
be sonorous. The experiments were repeated by Mr. Tainter, who ob- 
tained exactly corresponding results. We are therefore justified in con- 
cluding that the ball is located within the above-named area. 

In our preliminary experiments we found that a bullet like the one in 
question when in its normal shape produced no audible effect beyond a 
distance of two and a half inches, while the same bullet, flattened and 
presented with its face parallel to the plane of the coils, gave indications 
up to a distance of five inches. The same flattened bullet, held with its 
face perpendicular to the plane of the coils, produced no sound beyond a 
distance of one inch. The facts show that, in ignorance of the actual 
shape and mode of presentation of the bullet to the exploring instrument, 
the depth at which the bullet lies beneath the surface cannot be deter- 
mined from our experiments. 

I am, gentlemen, yours truly, 

ALEXANDER GRAHAM BELL. 
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On Secondary Batteries. By George F. Barker, of Philadel- 
phia, Pa. 

[ABSTRACT.] 

A secondary battery is one which produces a current in 
consequence of a previous electrolytic condensation or polarization 
upon the surfaces of its plates. Electrolytic polarization and the 
production of a secondary current by means of it, are almost as 
old as the voltaic battery itself. In 1801, Gautherot, having used 
platinum or silver wires as electrodes in a solution of salt, noticed 
a momentary inverse current when the battery was replaced by a 
galvanometer. Ritter observed the same phenomenon in 1803 
with gold wires. He constructed a secondary battery with pieces 
of gold separated by cloth disks moistened with salt water. After 
contact for some seconds with a Volta's pile of more pairs than 
itself, it produced a current to which Ritter gave the name of 
secondary current. Platinum, gold and silver, gave a more marked 
result than copper, brass, iron or bismuth ; and no effect at all 
was obtained from lead, tin or zinc. Fifty disks of copper sepa- 
rated by disks of cloth moistened with salt or sal ammoniac solu- 
tion, when charged with a Volta's pile of 100 pairs, gave a current 
which decomposed water and produced all the effects of the pri- 
mary current. Volta himself, as well as Marianini, explained the 
results by supposing that the decomposition of the salt produced 
acidic and basic deposits upon the metal disks; a view which 
Becquerel apparently confirmed by immersing a platinum plate in 
an acid and another in an alkali and noting that the current was 
the same in direction as the secondary current. But in 1826 De 
la Rive obtained the secondary effect from platinum plates im- 
mersed in dilute sulphuric acid; and since no basic or acidic 
deposits were now possible, he regarded the phenomenon as a 
physical one due to a special or polarized condition of the plates 
themselves. The current he called a polarization current. In 
1833-4, Faraday's researches on electro-chemical decomposition 
definitely established the proportionality of the current to the 
amount of electrolyte decomposed. He observed the ''peculiar 
state" of the plates in his voltameter ; and even noticed that when 
lead acetate was electrolyzed, metallic lead was deposited on the 
negative plate and lead peroxide on the positive ; but he offered 
no explanation of these phenomena. In 1842, Grove, following 
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out an observation of Matteucci, constructed a gas battery in 
which the current was produced from two plates of platinum im- 
mersed in oxygen and hydrogen gases respectively. In 1852, C. 
W. Siemens used two carbon plates in lead acetate solution as a 
secondary battery ; obtaining, by the action of the current, lead on 
one of these plates and lead peroxide on the other. One cell of 
this battery decomposed water; so that the electromotive force 
of the current must have been nearly two volts. 

In 1859, Plants began an elaborate research upon this secondary 
action, studying carefully the influence of the metal and of the solu- 
tion employed. The maximum effect was given by lead plates 
immersed in dilute sulphuric acid ; and in 1860, he produced sec- 
ondary batteries of remarkable power by rolling two sheets of lead 
together, a strip of insulating material being between them, and 
placing them in a ten per cent sulphuric acid. When connected 
with a battery, the oxygen evolved upon the positive plate attacked 
it and converted its surface into 'peroxide ; the hydrogen, for the 
most part escaping. When now the current was reversed, the 
hydrogen reduced this peroxide to finely divided metallic lead and 
the oxygen attacked the other plate, producing peroxide. By such 
alternations, the metal may finally be corroded to any depth and 
the amount of finely divided lead and peroxide indefinitely in- 
creased. In Plant's experiments this forming process required 
three months. In 1881, Faure brought out a secondary battery 
in which, as in Plant6's, lead plates in sulphuric acid were employed. 
But in order to avoid the tedious process of "forming/* in which 
the deposits upon the plates were produced by electric action, Faure 
covered the plates at the outset with a layer of minium or red lead. 
Upon passing the current, this red lead was reduced to metallic 
lead on the one plate and oxidized to peroxide on the other ; thus 
producing the battery charged and ready for use in a single opera- 
tion requiring but a few hours. 

The theory of the storage of energy by secondary batteries is 
not difficult. Energy is capacity of doing work and work is force 
acting through distance. Whenever two attracting bodies are 
separated work is done upon the system and energy is absorbed 
by it; and this whether the attraction overcome is mechanical, 
molecular or atomic. When an electrolyte is decomposed by an 
electric current, the current yields energy in proportion to the 
amount of the ions separated. The quantity of lead peroxide 
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formed in a secondary battery represents the amount of energy 
stored from the current. So soon, however, as the separating force 
ceases to act, the ions reunite and the stored energy becomes again 
free. Since the amount of energy thus set free, like that originally 
stored up, is proportional to the quantity of matter concerned, it 
is clear that the amount of electricity obtained from a given sec- 
ondary battery is proportional to the amount of electrolytic pro- 
ducts deposited upon its plates. In theory, the electrical energy 
set free should equal that originally stored up; but in practice 
this result is never attained. 

In its primary expression the chemistry of the secondary battery 
is simple. In the form made by Grove, two platinum plates are 
placed in acidulated water. Under the action of the current, oxy- 
gen is set free on one of these and hydrogen on the other, 1 and the 
plates are said to be polarized. The electromotive force between 
these plates is the sum of the contact-potentials involved. Its 
value is 1.45 volts and it measures the chemical attraction between 
oxygen and hydrogen. If now the two plates be connected by a 
wire, the oxygen and the hydrogen recombine and the energy of 
combination appears in the form of a secondary current. In gen- 
eral, however, the electrolytic action is accompanied by secondary 
chemical changes which render the phenomenon much more com- 
plicated. In the lead battery, for example, secondary products 
appear at both electrodes. The oxygen set free at the anode com- 
bines with the lead, the final product there being peroxide. The 
hydrogen evolved at the cathode reduces the oxide which it finds 
there and produces metallic lead. As before, the electromotive force 
in the battery is the sum of the contact-potentials ; and this, in the 
case of lead and lead peroxide, is a little above two volts. 9 When 
now the plates are connected by a conductor, the entire process is 
reversed. Water is decomposed, and, since the immersed portion 
of the plates changes sign on discharge, the hydrogen now goes to 
the peroxide surface and oxygen to the finely divided metallic lead. 
The former is deoxidized to monoxide and the latter oxidized to 
the same condition. Simultaneously, a current flows through the 

1 Undoubtedly the oxygen Is produced by a secondary reaction. 

9 Plante* observes that, after complete charging, the electromotive force may rise 
above two volts at the instant of removing the battery. But as it falls to this value at 
once on closing the circuit and remains so, he attributes the first result to the tempo- 
rary production of a peroxidized substance, as hydrogen peroxide or persulphuric acid, 
at the anode. 

A. A. A. S., VOL. XXXI. H 
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conductor, the electromotive force of which is two volts, the strength 
of which is the ratio of this electromotive force to the resistances 
in circuit, and the duration of which depends upon the amount of 
secondary products deposited upon the plates during the charging. 
Beside this, however, another action takes place in the secondary 
battery which is of great importance. The sulphuric acid in which 
the plates are immersed attacks both the peroxide on the one plate 
and the metallic lead on the other and converts both into lead 
sulphate. Moreover, as fast as the monoxide is produced by the 
discharge of the battery, it also is converted into sulphate. So 
that upon complete discharge, the plates are precisely alike, both 
being covered with lead sulphate. 

The secondary batteries employed for experiment were those of 
Plants and Faure. Of the former type, two cells of the larger 
size made by Breguet were used. Of the latter, one cell of me- 
dium size made by Reynier, and thirty-four cells of the size ex- 
hibited at the Electrical Exhibition at Paris, were experimented 
with. The battery of thirty-four cells was made in January under 
my direction. 3 Each cell consisted of six plates, each 20 by 60 
centimetres, the lead being a millimetre thick. The exposed sur- 
face of each plate, therefore, was nearly 0.25 of a square metre, 
and of each cell about 1 .50 square metres. For the whole battery 
the surface was about 50 square metres (exactly 48.96). Each 
plate was covered on both sides with a coating of red lead about 
a millimetre thick made into a paste with water. Parchment 
paper was then folded over the whole, and over this a covering of 
felt sewed together at the edges. The plates were then folded 
transversely and each pair intercalated. Heavy lead terminals 
were attached to each plate, and three pairs of plates were placed 
in each box, the terminals of one plate of each pair being united 
together and furnished with a connector. The boxes were lead- 
lined and measured 31 cm. in length, 25 in depth and 11 in width. 
One of the two sets of plates was in contact with the lead lining, 
the other was insulated. The latter was always made the positive 
end. The total weight of a single cell was 17 kilograms. 4 

8 This battery, as well as the cut-out, Fig. 1, was made by Jas. W. Queen & Co., of 
Philadelphia. 

4 Mr. W. Lachlan, the electrical engineer of the " Light and Force Company," of 
New York, has kindly furnished me the following figures concerning the Faure bat- 
teries of improved construction recently imported in the steamer Labrador. Four 
types of Faure batteries are made in Paris, called A, B, C and D. Type A consists of 
seven positive plates, each 37 X 23.5 cm. and 3 mm. thick, perforated with holes 6 mm. 
in diameter 10 mm. apart, alternated with seven negative plates of the same size, but 



BY GEORGE F. BARKER. 



211 



The charging current was generated by a Gramme machine 
whose field was maintained by an auxiliary dynamo. The max- 
imum obtainable electromotive force of this current was 85 volts. 
In general, however, a much less electromotive force was used, suf- 
ficient only to give a current of from 10 to 20 amperes through the 
thirty-four cells arranged in series. Currents as high as 45 amperes, 
however, were occasionally employed. At the outset, consider- 
able difficulty was experienced from the discharge of the battery 
when from any accidental cause the current fell below the poten- 
tial of the thirty-four cells. The wear of the brushes of the aux- 
iliary dynamo sometimes opened its circuit and thus destroyed the 
magnetic field of the Gramme. There being now no counter elec- 

FlG. i. 




tromotive force to oppose it, the secondary battery current flowed 
back through the machine, discharging the battery completely. 
A simple device was arranged to prevent loss of the charge in 
this way should the charging current become weakened. This de- 
vice is represented in fig, 1, where A is a coil of No. 10 copper 

only 0.5 mm. thick, and similarly perforated. The seven positive plates weigh 16.66 
kilograms; the seven negative ones 2.77 kilograms. The red lead spread on their sur- 
faces weighs 22.13 kilograms, the two exterior plates being covered only on their in- 
terior surfaces, so that there are twenty-six active surfaces in all. Each plate has an 
electrode 7 cm. wide. The box is 45 X 20 X 40 cm. in size* is pitched throughout, and 
weighs with its cover, 10 kilograms. The battery complete, ready for charging, weighs 63 
kilograms. In type C there are five positive plates each 24 X 19 cm., 8 mm. thick, and 
four negative plates 0.5 mm. thick, both perforated with holes 5 mm. in diameter, and a 
centimetre apart. Tho positive plates weigh 744 kilos, the negative 0.888 kilos. Sixteen 
surfaces are covered with red lead, weighing 8.28 kilos. The electrodes are 3.5 cm. 
wide. The box weighs 3 kilos., and the battery complete 20.37 kilos. Each cell of type 
A contains, it is claimed, when fully charged, 375 ampere-hours of current delivered 
at an electromotive force of 2 volts. Hence it will furnish, for example, a current of 
25 amperes for fifteen hours. Type C contains 150 ampere hours. Types B and D are 
round cells in jars of earthenware. The former weighs 35 fcilQS., and contains 225 am- 
pere-hours ; the latter 8 kilos, and contains 75. 
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wire. Within its core is a rod of iron B, prolonged at both ends 
by brass rods of smaller diameter, b and c, these being supported 
upon rollers. Opposite the end of one of these rods is a fiat spring 
8, faced with platinum and making contact when depressed with 
a similar brass strip D, also faced with platinum. The course of 
the current is shown by the dotted lines. When the circuit is 
closed between S and D, the current traversing the coil draws the 
iron bar strongly into its axis, and the end of the brass rod 
pressing against 8 holds the circuit closed. Should the current 
weaken, the spring 8 reacts against the rod pushing it back and 
opening the circuit. By means of an auxiliary spiral spring E, 
the instrument may be adjusted to any required current-strength. 
It would seem that by no possibility can the accumulated charge 
in the battery be lost, when this automatic cut-out is in circuit. 
As now described, the coil is of large wire, and the entire cur- 
rent passes through it. But a second form of it has been used in 
which the coil is made of finer wire and is placed In a shunt cir- 
cuit as shown in fig. 8. In both cases of course, the entire current 
passes through the contact springs.* 

After charging, the current from the secondary battery was 
used to maintain seventeen Edison incandescent lamps of the B 
pattern. More frequently, however, the battery was used in con- 
nection with the Gramme machine. The source of power being 
an Otto gas engine which, at best, has an explosion only every 
fourth stroke, the motion appears very irregular when tested by 
so delicate a method. As every explosion increases the speed, 
the higher electromotive force developed increases for an instant 
the brightness of the carbon filament, producing a marked pulsa- 
tion in the light. If now a secondary battery of nearly the same 
electromotive force be placed in multiple circuit with the machine 
and lamps, it acts as an equalizer, and destroys entirely the pul- 
sations. Figs. 2 and 3 show the arrangement actually employed, in . 
which B is the secondary battery, and L the lamps ; the automatic 
cut-out being at C. When the circuit is opened at a, b and c 
being closed, the lamps are fed by the machine alone ; when opened 
at 6, a and c being closed, by the battery alone ; when at c, a and 
b being closed, the machine charges the battery. When all 
three are closed, the lamps are fed by the machine and bat- 

* Sir Win. Thomson has devised a polarized cut-oat for this same purpose. He ex- 
hibited it at the York meeting of the British Association in September last. 
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tery together, the latter acting as an equalizer. A galvanom- 
eter inserted at a, c being opened and b closed, indicates the 
charging current ; when c is closed and b open, the discharge cur* 
rent ; and when b and c are both closed, the equalizing current. 
If the electromotive force of the machine-current be but slightly in 
excess of the battery current, the deflection to the right in the 

Fig. 2. 
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first case will about equal that to the left in the second ; so that 
in the third case the deflection is practically zero, not the least 
spark appearing on opening at a ; and this, though the pulsations 
are completely destroyed, the light being perfectly steady. The 

Fig. 8. 
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advantage of a much more agreeable light is thus secured ; but 
in addition the life of the lamps must be increased by the use of 
this steadier current, as it has been shown to be by using the sec- 
ondary battery alone. 

On the 27th of February the battery was charged continuously 
for fourteen hours, or until hydrogen was freely evolved from each 
of the thirty-two cells employed. It then gave an electromotive 
force of 59.3 Daniell cells ; or calling the Daniell 1.08 volts, of 
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.64.04 volts. On the tenth of Jane, the same thirty-two cells gave 
an electromotive force of 56.7 Daniell's, or 61.2 volts. On the 
. 24th of June, their electromotive force was 54.3 Danielle', or 58.6 
volts. It may be assumed then that the average electromotive force 
of a single cell was not far from two volts. This value has never 
. been exceeded in any of the measurements made, either on single 
cells or on groups of cells. When first made, the resistance of 
the single cells was low, about 0.02 ohm ; b\it subsequently the in- 
ternal resistance increased considerably, rising even to twice this 
value. 

The. chief defect of the secondary lead battery is the local action 
which takes place in it. By local action is meant any deterioration 
in the efficiency of a battery which occurs when it is left on open 
circuit. This defect was noticed by Plante, who says : "If the 
lead peroxide deposited on the positive plate had no tendency 
to spontaneous reduction in the acidulated water r by forming a 
local circuit with the metal that it covers, the preservation of the 
charge taken by the secondary couple should be indefinite. But 
this peroxide is reduced, and with the more facility as the layer 
of it is thinner. In a new secondary couple the charge cannot be 
preserved." In a well formed battery he attributes the preser- 
vation of the charge to a reduction of the superficial layer to mo- 
noxide, which acts as a protecting coating. Another local action, 
however, takes place in this battery which appears to be of more 
importance. . This is the action of the sulphuric acid upon the prod- 
ucts of electrolysis. The finely divided lead on the negative plate, 
as well as the peroxide upon the positive, is alike converted into 
sulphate by this action. When the circuit is closed this action 
is normal ; but it takes place equally well when the circuit is 
open. It is then abnormal and of course injurious. The forma- 
tion of lead sulphate in the secondary battery has been studied by 
Gladstone and Tribe. 6 They found that with a Plante cell the 
whole of the peroxide formed on charging was converted into 
white sulphate within seventeen hours. The same fact was ob- 
served with the Faure battery. So far however, from regarding 
this formation of sulphate as wholly injurious, they regard it as 
'•absolutely requisite in order that the charge should be retained 
for a sufficient time to be practically available." They believe 
that the insoluble lead sulphate clogs up the interstices of the 

• Nature, XXV, 221, 461 ; XXVI, 251, 1882. 
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peroxide and after a while forms an almost impermeable (sic) coat- 
ing between it and the lead plate ; so that the mass of peroxide 
which is in contact with the lead plate expends its energy slowly, 
while the same mass of peroxide, brought into connection through 
its own lead plate with another lead plate at a distance, expends 
its energy even through the sulphuric acid, in a tenth or a hun- 
dredth part of the time. 

My experiments with the Faure battery above described confirm 
entirely those of Gladstone and Tribe as to the formation of lead 
sulphate. In several cases, the acid in charged cells disappeared 
entirely on standing so that the water was tasteless ; and in some 
instances this was repeated three times with the same set of plates. 
This action increased very greatly the internal resistance, first by 
replacing the acid by water and second by* forming the higher 
resistant sulphate. On examining the plates, lead sulphate formed 
the entire coating upon both of them. On attempting now to re- 
charge such a cell, this notable increase in the resistance showed 
itself in the reduced current transmitted by the same electromo- 
tive force. Gradually, however, the resistance fell and the current 
finally regained its normal strength* In one instance, the charg- 
ing current rose from 2 amperes to 12, in four hours, 28 cells being 
in circuit, arranged in series. It was observed, however, that when 
the current was first applied, torrents of gas were evolved from 
both plates ; and that as the charging process went on the oxygen 
was first completely absorbed and then the hydrogen. When the 
charge was nearly complete the evolution of hydrogen reappeared. 
There would seem, therefore, to be a very considerable loss of 
energy, due to the resistance consequent upon the formation of 
sulphate. In the first place the current energy is wasted as heat 
in the cells ; and in the second, a large portion of it is dissipated 
in the evolved gases. 

Another defect of considerable magnitude is developed when a 
number of secondary cells is placed in series, and is due to a 
want of uniformity in their capacity for storage. This arises prob- 
ably first, from the difficulty of constructing them exactly alike 
originally, and second, from the impossibility of uniform action 
among them on charge and discharge. The difference in the cells 
of the same battery even, when they all have been Heated precisely 
alike, is surprising. On the 14th of June, thirty-two cells were 
freshly charged, and the current strength from each cell measured 
on a tangent galvanometer. Eleven cells gave 80° deflection each, 
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seventeen gave 79° each, one gave 78°, one 77°, one 75°, and one 
20°. When seventeen Edison B lamps were placed in circuit, tbe 
discharge deflection of the thirty-two cells in series was 67°. On 
the following day the battery was charged again, and, after an 
hour's use on the lamp circuit, was again tested. Those giving a 
deflection of 87° were two ; of 86°, two ; of 84°, two ; of 83°, one ; 
of 81°, one ; of 78°, five ; of 77°, two ; of 76°, one ; of 13°, three ; 
of 1 1°, one ; of 10°, three ; of 8°, one ; of 6°, one ; of 5°, three ; 
of 4°, one ; of 2°, one ; of 1°, one ; and of 0°, one. Obviously, so 
long as any peroxide is present, the electromotive force is constant ; 
hence this wide variation of current strength must be attributed 
apparently to the variation of the resistance in the different cells. 
But this is not the worst aspect of the matter. If the discharge 
be continued for a longer time, some of the cells become exhausted 
sooner than others, and are then charged In the inverse direction by 
the current from the rest. On the 1 2th of June, the thirty-two cells, 
after pretty complete discharge, were measured as above. Nine- 
teen cells gave positive deflections ranging from 87° to 5° ; thir- 
teen gave negative deflections varying from 18° to 1°. Faraday 
said of primary batteries in 1834, that " weak and exhausted 
charges should never be used at the same time with strong and 
fresh ones in the different cells ;" and this remark is even more 
applicable to secondary batteries, where this condition is more liable 
to occur. Not only does a dead cell introduce resistance into the 
circuit, but what is of more importance, its reverse polarization in- 
troduces a counter-electromotive force, so that every such cell neu- 
tralizes another cell, the dead resistance of which is also added to 
the circuit. In consequence, it is not safe in practice to draw from 
a secondary battery all the energy it should be capable of yield- 
ing, and in most cases not more than half can be safely taken out 
of it. In place of continuing uniform as in a single cell, the 
electromotive force of a series of cells begins to fall when about 
half the charge which it ought to be capable of yielding has been 
drawn from it. The practical result is that to supply for light- 
ing a definite number of coulombs of electricity, a secondary bat- 
tery of twice tbe size is necessary under these circumstances. 

With reference to the two forms of lead secondary battery de- 
vised by Plante and by Faure respectively, my experiments show 
that while the electromotive force is the same in both, and while 
the internal resistance and storage capacity may readily be made 
the same, } r et that the local action is far less when the peroxide is 
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formed by the action of the current upon the lead plate itself than 
when it is produced from minium spread upon it. The rapidity 
of the formation of the peroxide is proportional to the density of 
the current ; but when rapidly formed it is tine and spongy. In 
one of my Plants cells, the peroxide is beautifully crystalline and 
very hard. Not a trace of sulphate has been formed in it appar- 
ently, though it has been in use for six months,, and has been fre- 
quently charged and discharged during that time. The necessarily 
finer condition of the peroxide in the Faure battery would seem to 
predispose it to a more considerable local action. True, the Faure 
battery requires very much less time than the Plante to form it. 
But this is more than compensated by the increased permanence 
of the latter. With an equal storage capacity, as in M. de Ka- 
bath's form of Plants cell, it would appeal* that in efficiency it will 
surpass the form devised by Faure. 

The commercial aspect of the question of the storage of elec- 
trical energy has recently assumed a very considerable importance. 
But it is evident at the outset, that an agent, which has been pro- 
duced and then stored, must cost more when redelivered than when 
first produced, by exactly the cost of the storage ; that is, suppos- 
ing there is no loss in storing. But there is a loss, and this is 
almost if not quite one-half of the energy involved ; as it would 
seem from the Conservatoire experiments in Paris, among others. 
The first cost of the accumulators, the expense of charging them, 
their low efficiency, and especially their bulk and weight, must 
ever prevent, it would seem, their competing successfully with the 
direct use of the dynamo-electric machine, at least with any form of 
secondary battery yet devised. For special uses, however, the 
storage battery has a high value. Even if the cost of an ampere 
of current produced by it is twice as great as if produced directly 
by the dynamo-machine, this cost is only one-half of that required 
to give the same current by any available form of primary bat- 
tery. Where a strong current of low electromotive force is needed, 
under conditions where a dynamo cannot be employed, there the 
secondary battery has its most important field. Its value rapidly 
decreases as the number of cells is multiplied, as when a high 
electromotive force is needed for the production of light. Its 
chief advantage is its transportability ; since by placing it near 
the work to be done, the loss of energy on long conductors is 
obviated. 
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ON MODIFICATIONS OF THE SPECTRUM OF SODIUM VAPOR IN A 

Bunsen Flame. By Charles S. Hastings, of Baltimore, Md. 

[ABSTRACT.] 

At the Boston meeting of the Association, Prof. Young de- 
scribed an experiment, with a sodium-tinted Bunsen flame having 
a lime-light behind it, which in some respects appeared to offer 
contradictions to the fundamental theory of spectrum analysis. 
To an explanation of the phenomenon in accordance with accepted 
theory which 1 suggested in a letter, he objected that it implied 
the existence of phases which he had not observed. To satisfy 
my own mind I tried a series of experiments shortly after, which 
presented some striking results, predicted, it is true, by the ex- 
planation which I had entertained, but worth noting. 

In front of the slit of the large spectroscope belonging to the 
Johns Hopkins University, was placed a Bunsen burner with its 
top about two inches below the slit. This gave, a flame seven 
inches in length, hollow for more than half its length and with 
well defined inner and outer walls. The dispersing member of the 
spectroscope was a Rutherford grating of over 30,000 lines, and 
the observations which follow were made in the spectrum of the 
second order with a magnifying power of 26. This power was 
quite sufficient to show the duplicity of b 3 and ft 4 , and even of E^ 
Into the flame, a quarter of an inch below the level of the slit, 
was introduced a bead of fused chloride of sodium ; a less volatile 
compound would not yield the results here described. 

When the bead was gradually moved through the flame, starting 
from the side next the slit, the spectrum underwent a series of 
changes of which the typical forms are given in the cut from 1 to 
10 inclusive. Here the spectral lines are represented by the 
ordinary convention, abscissas representing deviations and ordi- 
nates the corresponding intensities. Thus 1, 5, 10 corresponding 
to positions where the bead was hardly touched by the flame — 5 
being in the centre of the hollow portion — represent simply two 
sharp bright lines ; 2, 3, 4, 6 indicate lines more or less widened 
with a narrower dark central line ; 8 and 9 exhibit the lines still 
wider, so that they may be more properly called bands, striped by 
two black lines each ; 7 is interesting as emphasizing a difference 
in the two sodium lines which are ordinarily so like. By lowering 
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the flame until the top of the hollow centre was but just above the 
slit, a spectrum represented by 11, which may be regarded as 
a simple modification of 9, was obtained ; and if, while in this 
position, another bead was introduced cautiously into the aide of 
the flame and lower down, the phase described by 12 might be 
observed. This form 
of the sodium spec- 
trum at low temper- 
ature, consisting of 
eight bright lines de- 
fining six dark ones, I 
have never had any 
difficulty in reproduc- 
ing when the pressure 
on the gas mains was 
sufficient to give a 
good flame. 

The explanation of 
these phenomena, 
though in some cases a 
little involved, is easy 
to one who has mas- 
tered the fundamental 
principles of spectros- 
copy. 

Perhaps it can be 
given in the fewest 
words by formulating 
certain laws govern- 
ing gaseous radiation, 
viz. : 

(a) A gas can only 
produce a dark line 

by absorption when at a lower temperature than the source of 
radiation. 

(6) Even then it can produce a dark line only when it exists in 
a sufficient abundance. 

(c) The brightness of a spectral line can be increased in two 
ways, either by increasing the number of molecules which send 
the proper vibrations to the objective of the collimator, or by 
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increasing the temperature of the gas of which the molecules are 
a part. 

(d) By increasing the density of a gas, or by increasing its 
temperature at a constant density (in other words, by increasing 
the frequency of molecular impact), its spectral lines become 
broader. 

These laws may be applied as follows : When the bead touches 
the flame at any one point of its four surfaces in line of axis of 
collimator, only a small amount of sodium is volatilized, and this 
rare hot vapor gives well defined lines. If the bead is gradually 
carried into the flame from the hither side the vaporization first 
goes on more rapidly and the denser gas yields widened lines, 
until, when the bead is fully enveloped by the flame, the copious 
evolution of sodium vapor causes it to overflow the limits of the 
flame and form a layer of cooler vapor between the hot flame and 
slit. This gives rise to the forms 2, 8, 4, according as the density 
varies in different portions. The form 6 corresponds to the case 
when the sodium bead enters the farther surface of the hollow 
cone within the flame. This, as is well known, is the hottest 
portion of the flame, though in this case its temperature is lowered 
over the solid chloride of sodium, the evaporation of the salt con- 
tributing to this end more powerfully perhaps than conduction ; 
thus the physical conditions are not essentially different from 
those which obtained on the nearer side of the hollow cone and 6 
should resemble 3 and 4. As soon as the solid is moved beyond 
this position, however, the conditions are greatly changed, for 
then there is a layer of gas at an extremely high temperature 
between the slit and bead, and very near the latter. If this layer 
is impregnated with a small amount of sodium vapor, we shall 
have, according to the laws which have been formulated, bright 
sharp lines superimposed upon the spectrum of the colder vapors 
beyond. These last, however, may give such a spectrum as 3, 
whence the forms 7, 8, 9. If the relative importance of the 
hot layer be increased by lowering the flame until the conical 
summit of the inner mantle is nearly opposite the slit, form 11 
is easily reproduced. Finally, if, with this spectrum in the field 
of the spectroscope, we introduce a layer of rare and cool vapor 
between its source and the slit by means of a second bead, the 
last form can be secured with little difficulty. 
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Siemens' Electrical deep-sea Thermometer. By J. B. Bartlett, • 
Commander U. S. Navy. 

[abstract.] 

The principle of this new apparatus for obtaining temperatures 
of sea-water below the surface is based upon the variations in 
resistance of metals to the passage of an electric current arising 
from changes of temperature. 1 

The apparatus was constructed by Mr. Siemens of London, for 
the U. S. Coast Survey and placed on board the steamer " Blake." 
It consists of 2600 fathoms of double insulated cable, which is 
wound on a large reel on the upper deck. To the end of this cable 
is attached a resistance coil, which can be lowered to any depth 
desired. 

The other ends of the insulated cable are brought to a room on 
the main deck and are attached to a Wheatstone bridge specially 
arranged for this purpose. Another resistance-coil of the same 
material and resistance as that lowered into the sea is likewise 
attached to the bridge. The latter coil has an attached thermometer 
and is kept in a copper vessel filled with water. A battery of 
twelve Leclanche's cells and a Thompson's marine galvanometer 
are attached to the bridge. The resistance-coil at the end of the 
cable being lowered into the sea just below the surface and some 
of the same water placed in the copper vessel containing the 
comparison-coil, the reflected pencil of light, when a current is sent 
into the bridge, will be at zero on the scale, as under these condi- 
tions both resistance-coils are in the same, tempera ture. If the cable 
is then paid out and the resistance-coil at its end reaches any depth, 
say 100 fathoms, where the temperature is lower, the pencil of 
light will be deflected to the left, when the circuit is closed. Now, if 
cold water is added to that in the copper vessel containing the 
comparison-coil, with the circuit closed, until the pencil of light 
comes back to zero on the scale, it is assumed that the water around 
each coil is the same, and the reading of the attached thermometer 
of the comparison-coil will give the temperature at 100 fathoms, 
the depth to which the cable has been lowered. After taking a 
series of temperatures to 800 fathoms in this way, the cable was 
reeled in, stopping at intervals for temperatures ; in this case, with 
circuit closed, the deflection of light was to the right, and it was 

1 A diagram, showing arrangement of apparatus, is given in Jour, of American Geo- 
graphical Society, Vol. xrv, 1883 ; also in No. 20 of the Proceedings U. S. Naval Institute. 
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necessary to raise the temperature in the copper vessel until the 
light was brought to zero on the scale. 

Water frozen by a Carr6 ice machine was used to reduce the 
temperature of the deck resistance coil. 

Trials were made in latitude 36° 50' N., longitude 74° 25' W., 
during a perfect calm, with smooth sea and the ship's engine at 
rest, under which conditions the results of our several lowerings 
were very satisfactory. Having taken many thousand deep-sea 
temperatures with the Miller-Casella thermometers, my confidence 
in them was greatly strengthened when, after repeated lowerings, 
their readings agreed with the Siemens apparatus. Headings can 
be taken with the latter to one-quarter of a degree ; but with the 
Miller-Casella it is difficult to decide on half a degree. 

In a previous trial in the strength of the Gulf Stream, off 
Charleston, during moderate weather, with the vessel rolling 15°, 
it was found very difficult to read the galvanometer, and this could 
only be done when the engine was at rest. Under these trying 
circumstances, however, the temperature agreed with the Miller- 
Casella. I give an example of a single lowering off the Chesapeake. 









Depth in Fathoms. 










Surf. 


5 


10 


15 

69 
68 


20 

58 
58 

* 


30 

54 
54 


50 


75 


100 


150 


800 


300 


400 


Siemens App . . 
Miller-Casella.. 


764 
76| 


764 
764 


764 
76 


544 
534 


524 
524 


504 

504 


464 
464 


434 
4*1 


404 

404 


40 
40 



The above was taken ou August 11 ; on the 12th the Siemens 
thermometer indicated a warm stratum of water between thirty and 
seventy-five fathoms ; the Miller-Casella gave only the maximum 
and minimum, and did not indicate this. The temperature at 
twenty fathoms was 57° with both thermometers, at thirty, 52° ; 
but at fifty fathoms the Siemens thermometer read 54£°, while the 
minimum of the Miller-Casella read the same as at thirty fathoms ; 
at seventy-five fathoms the Siemens read 53°, the Miller-Casella 
still 52° ; at 100 fathoms they agreed at 50J°. These observations 
were continued during the entire day with always the same results. 

By lowering the Miller-Casella thermometer at the rate of 200 
fathoms per minute to 50 fathoms, and hauling it by the 30 fathom 
depth at the same rate of speed, the temperature would read as 
highas53£°. 
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An Instrument for readily producing Low Temperatures. By 
Henry Carmichael, of Brunswick, Me. 

[ABSTRACT.] 

The instrument exhibited consists substantially of three test 
tubes placed within one another. 

The outer tube is four centimetres wide and thirty-one centi- 
metres long. The middle tube is of the same length and two and 
a half centimetres wide. Upon it have been blown a series of 
enlargements for increasing the surface, which, however, do not 
prevent a free passage of air between the tubes. The bottom of 
the latter tube contains numerous perforations which have been 
made by plunging a red-hot needle through the glass already 
softened before a blast lamp. This tube is held in place by a 
rubber ring which makes a tight joint at the top, and by a suitable 
aperture admits an air current to the annular space between the 
tubes. The bottoms of the tubes are one-half a centimetre apart. 

The third tube is somewhat longer than the others and one cen- 
timetre wide. It is intended to hold the substance to be sub- 
mitted to a low temperature. 

For producing low temperatures, liquids are used which in a 
current of air blown through them are rapidly vaporized. 

The operation of the instrument is as follows : 50 c c. of the 
volatile liquid is introduced in the middle tube. The aperture 
in the rubber ring is connected by flexible tubing with bellows, 
and the air-current thus introduced at the top of the narrow an- 
nular space between the outer and middle tubes flows to the bot- 
tom and there passing through the fine perforations beats the liquid 
into foam. 

If ether or the petroleum distillate " gasolene is used, the 
liquid is quickly reduced to — 23°C. Six grammes of water placed 
in the inner tube is speedily frozen. 

In conducting this experiment to save the tube, it is important 
to withdraw it before the water is congealed to the centre. The 
ice cylinder is easily shaken out of the tube after warming it in 
the hand. 

By substituting more volatile liquids in the evaporator, lower 
temperatures are reached. Seventy-five grammes of mercury are 
almost instantly solidified in a bath of sulphurous anhydride. 

When the vapors discharge^ are undesirable in the work-room, 
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they are conveyed away through flexible tubing connected with an 
aperture in a cork ring whych forms there a Joint between the 
middle and inner tubes. 

The effectiveness of this apparatus depends largely upon the 
fact that the escaping cold saturated current is made to cool the 
warm entering air before it comes in contact with the liquid to be 
evaporated. 

Whatever moisture is contained in the air is deposited as frost 
upon the middle tube, and when the transparency of the latter is 
to be preserved the air is previously dried. 

The instrument described is not merely for illustrating the fact 
that evaporation is accompanied by an absorption of heat, but is 
intended as a convenient means of securing for a short or long 
period the low temperatures necessary in man}' physical and chem- 
ical researches. 

By a slight change in its construction, the perforations are 
placed above the bottom, and the region of intense cold remains 
free from the foam that might otherwise interfere with the direct 
observation of phenomena at the bottom of the middle tube. 



Upon a proposed method of producing Artificial Respira- 
tion BT MEANS OF A VACUUM JACKET. By ALEXANDER GfiA- 

ham Bell, of Washington, D. C. 

[ABSTRACT.] 

I propose to surround the waist of the unconscious patient by 
a rigid jacket or drum somewhat larger in diameter than his body. 
The apparatus can be rendered practically air-tight by a rubber 
band round the thorax, and another round the loins. Upon ex- 
hausting the air inside the drum a partial vacuum is produced 
around the abdomen. Under such circumstances the pressure of 
the atmosphere forces air through the mouth and nose into the 
thorax causing the depression of the diaphragm and consequent 
expansion of the abdomen. 

The alternate rarefaction and condensation of the air confined 
around the abdomen thus cause alternate inspiration and expira- 
tion. 
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Radiant Heat an exception to the Second law of thermo- 
dynamics. By H. T. Eddy, of Cincinnati, 0. 

[AB8TBACT.] 

This paper attempts to show that the second law of thermody- 
namics must receive some modification in the case of radiant heat, 
by reason of the fact that heat is not propagated through space 
instantaneously. 
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Dangers from lightning increased by telegraph wires. By 
Stephen S. Haight, of West Farms, N. J. 

Atomic phyllotaxy. By Pliny Earl Chase, of Philadelphia, Pa. 

The tension of the luminiferous ether. By De Volson Wood. 

The force of diffusion of the gases forming the atmos- 
phere. By George lies, of Montreal, Canada. 

♦The color of the 6DN. By S. P. Langley, of Alleghany, Pa. 

♦Electric induction by stress. By S. W. Robinson, of Colum- 
bus, Ohio. 
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On electrical conduction versus induction. By A. E. Dol- 
bear, of College Hill, Mass. 

On telegraphing without wires. By A. E. Dolbear, of College 
Hill, Mass. 

On the constitution of magnets. By A. E. Dolbear, of Col- 
lege Hill, Mass. 

On vortex ring phenomena. By A. E. Dolbear, of College 
Hill, Mass. 

Exhibition of a simple and inexpensive comparator for 
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dm. By William A. Rogers, of Cambridge, Mass. 

Experimental determination of the limits of accuracy in 

MEASUREMENTS BT THE SENSE OF FEELING. By W. A. Rogers, 

of Cambridge, Mass. 
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Imperial yard -f- 3.37015 inches. By W. A. Rogers, of 
Cambridge, Mass. 

Note on the appearance of a halo on the evening of Au- 
gust 4, 1882. By James D. Warner, of Brooklyn, N. Y. 

On some phenomena of diffraction due to the shape of the 
source of light. .By Brown Ayers, of New Orleans, La. 

The influence of the phases of harmonics on the timbre of 
sound. By Rudolph Koenig, of Paris, France. 

On the reduction of the electrical resistance of the 
carbon button bt the passage of an electric current. 
By T. C. Mendenhall, of Columbus, Ohio. 
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Rowland, of Baltimore, Md. 

On the "rotational coefficient" in gold, iron, etc. By 
Edwin H. Hall, of Cambridge, Mass. 

On the diatonic scales obtained in the chromatic scales 
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one tones in the octave, with exhibition of novel scale- 
indicator and corresponding keyboard. By P. H. Van 
der Weyde, of New York, N. Y. 
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Fellow Members of the Chemical Section; 

Ladies and Gentlemen : — 

The recognition by the Association of the equal rights of chem- 
ical science and the elevation of the late " Permanent Subsection " 
to the dignity of a "Section of Chemistry," now assembled for the 
first time, mark an important epoch in the annals of our organ- 
ization. Permit me to offer congratulations on our promotion and 
to express my high appreciation of the honor of presiding over 
your deliberations. 

The Permanent Subsection of Chemistry was organized at the 
Hartford meeting of the Association in 1874. It had its origin in 
the action of a number of chemists assembled at Northumberland 
in August of the same year to commemorate Priestley's discovery 
of Oxygen. At that memorable gathering a discussion of the 
advantages of forming an independent organization in the interests 
of chemistry led to the appointment of a committee* "to co- 
operate with the American Association for the Advancement of 
Science at their next meeting, to the end of establishing a chem- 
ical section on a firmer basis. " 

This committee met at Hartford a few weeks later and united 
with the chemical members of the Association in founding a Per- 

*The committee consisted of Profs. Si Hi man, Smith, Horsford, Hunt and Bolton. 
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manent Subsection in accordance with the provisions of the new 
constitution adopted at the same meeting. Meetings of the sub- 
section were held on two days and arrangements were made for its 
permanent organization. In the following year the Association 
met at Detroit and the Subsection re- assembled under the chair- 
manship of Prof. S. W. Johnson. Before adjourning the section 
elected Prof. Geo. F. Barker chairman for the ensuing year and 
passed a resolution requesting the chairman-elect to prepare an 
address. This was the origin of the custom which it is my pleasant 
duty to follow. Professor Barker accepted the task and his masterly 
essay on the Atom and the Molecule (1876) is remembered by 
many in this audience. Since then Prof. F. W. Clarke ( 1878) has 
urged in your hearing the endowment of laboratories of research ; 
Prof. Ira Remsen (1879) has magnified the claims of his chosen 
field of investigation — organic chemistry ; and Prof. J. M. Ord- 
way (1880) has gracefully surveyed the experiences of the past, 
the needs of the present and the prospects of the future of chem- 
istry. 

The amendments to the Constitution, adopted by the Association 
at the Cincinnati meeting, provide, as you are aware, for nine sec- 
tions, each with its own presiding officer ; since this may involve 
an equal number of annual addresses, it is hardly to be expected 
that each will maintain the elaborate character of those of former 
years. 

I ask you therefore to bear this fact in mind while I invite your 
attention to a rather superficial survey of 

CHEMICAL LITERATURE. 

The literature of chemistry, extending as it does through a period 
of more than fourteen centuries, varies greatly in character, in 
province and in design ; it partakes of the peculiar phases exhibit- 
ed by the science at different epochs and depicts the experiences 
and thoughts of those who cultivated it in all ages. It may be 
studied from several points of view : the biographer searches the 
voluminous records to acquire knowledge of the intellectual activ- 
ity of individuals ; the historian unfolds the progress made by the 
science in a special field or in its entirety, with philosophical in- 
quiries respecting effects and causes ; the bibliographer, scarcely 
penetrating beyond the title pages of the dusty tomes, laboriously 
catalogues them to facilitate the researches of others. 
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We do not propose to give you a biographical, an historical or 
a bibliographical treatise, but rather to review chemical writings 
as sources of information and as portions of the world's literary 
productions. We shall concern ourselves less with the questions 
what were the personal history and life-work of a given author, 
and more with the queries what are the characteristics of the vari- 
ous classes of works at different epochs, what discoveries do they 
chronicle and what was their influence on the contemporaneous 
science. 

The very earliest information concerning chemical arts comes 
to us from that ancient nation supposed by some to have given its 
own name to the science itself ; not only do the sculptured tombs 
and temples of Egypt portray with unimpeachable authenticity 
and wonderful accuracy the technical skill of that venerable peo- 
ple, but these same monuments are even now relinquishing their 
hold on long-buried treasures in the form of papyri, whose perplex- 
ing script no longer conceals their meaning from the erudition of 
Egyptologists. 

Of these miraculously preserved papyri the most valuable to 
chemistry is that discovered by Prof. George Ebers at Thebes in 
1872, and named after its learned discoverer. We have described 
this elsewhere l and shall not here enter into details. It is the 
most ancient medical work extant, being assigned to the sixteenth 
century B. C, and contains a vast amount of information on the 
medical practice and the pharmaceutical preparations at that re- 
mote period. The unknown author wrote less obscurely than many 
of a much later date, and when the whole papyrus shall have been 
deciphered it will prove an invaluable contribution to chemical 
history. 

The most ancient manuscript treating exclusively of chemical 
operations is a Greek papyrus of Egyptian origin preserved in the 
Library of the University of Ley den. Its authorship is unknown, 
its date is placed by Reuvens in the third or fourth century A. D. 
This MS. consists of a collection of prescriptions and receipts for 
conducting various operations in metallic chemistry, such as the 
testing of gold and silver; the purification of lead, of tin and of 
silver ; the hardening of tin and of silver ; the albification of cop- 
per, etc. It deals little with alchemy though some of the receipts 
evidently refer to transmutations, as those entitled : "the prepara- 
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tion (artificial?) of silver;" "the preparation of gold ;" "the pu- 
rification of tin by silver," etc. 

Reference is made to sandarach (realgar), cadmia (zinc ore), 
chrysocolla, cinnabar, natron (soda), mercury and other chemical 
substances, but no receipts are given for their preparation. The 
author quotes from the Materia Medica of Dioscorides who prob- 
ably preceded him by about two centuries. It is to be regretted 
that the full text of this ancient manuscript has never been pub- 
lished ; the little known of it foreshadows information of great in- 
terest. 2 

The great libraries of Paris, Rome, Venice, Milan, Escurial, 
Cracow, Gotha, Munich and Cologne preserve a large number of 
Greek alchemical manuscripts of unknown authorship and uncer- 
tain date. Hoefer, the French historian of chemistry, refers them 
to the third and fourth centuries, 3 but other authorities with greater 
probability place them not earlier than the tenth and eleventh. 4 

The most celebrated of these essays are attributed to Zosimus, 
of whose history nothing is certainly known, and bear these titles : 
" On Furnaces and Chemical Instruments," u On the Virtue and 
Composition of Waters," "On the Holy Water," "On the Sacred 
Art of Making Gold and Silver." In a treatise attributed to Sy- 
nesius, we find a description of a hydroscopium or hydrometer 
which was rediscovered as long after as the sixteenth century. 

In a treatise attributed to Olympiodorus, he cites as authorities 
Democritus, Anaximander, Zosimus, Pelagius, and Marie a certain 
Jewess whom the later alchemists confounded with Miriam, Moses' 
sister. 

In these manuscripts chemistry is called the "sacred art" and 
the exceedingly obscure and figurative language in which they are 
written makes it well nigh impossible to separate fact from fancy ; 
Hoefer has indeed attempted to discover modern chemical concep- 
tions in the allusions to Egyptian myths and the chaotic collec- 
tions of spagyric arcana. 

Of systematic nomenclature there is absolutely no trace ; indeed 
each author seems to have aimed to write treatises intelligible only 
to himself, and we greatly doubt his success in even this re- 
spect. " Cadmia," we are informed, " is magnesia," and " magnesia 
is the female antimony of Macedonia;" "nitre is white sulphur 
which produces brass;" equally clear is the statement that the 
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"apospermatism of the dragon is the mercury of cinabarn." 
That lexicons were early in demand is not surprising ; in fact some 
of the most ancient MSS. are "vocabularies of the sacred art," 
but even with their assistance it is difficult to form satisfactory 
concepts of contemporary chemical science. 

Suidas, 5 a Greek lexicographer of the eleventh century, states 
that Diocletian having conquered the rebellious Egyptians (296 
A. D.) destroyed their books on the preparation of silver and 
gold, lest becoming rich by the practice of that art they might 
again resist the Romans. Regrets at the wanton acts of this 
imperial biblioclast are tempered by the reflection that modern 
scholars are spared the study of such literary absurdities. 

The Chinese, that curious people who always claim a hearing 
when the origin or antiquity of arts and sciences is under consid- 
eration, were acquainted at a very remote period with many 
branches of chemical technology. We do not know of any special 
chemical literature produced by them, but the researches of Rev. 
Joseph Edkins 6 and of Dr. W. A. P. Martin 7 make it highly 
probable that scholars will yet discover contributions of no small 
importance to the early history of chemistry. Prof. George Glad- 
stone 8 has endeavored to show that the Chinese originated the 
doctrines and pursuit of alchemy and communicated it to the Ara- 
bians by whom it was disseminated throughout Europe. 

The high state of civilization and extraordinary intellectual de- 
velopment of the Arabians has left a deep impression on chemical 
science. Cultivated chiefly by physicians, attention was directed 
to its pharmaceutical applications, and in spite of the prohibitions 
of the Koran to the fascinations of alchemy. Of their extant 
writings, preserved in European libraries, only a portion have been 
edited ; those best known partake of the poetical imagery and hy- 
perbole characteristic of the Oriental mind. This is shown to some 
extent in the singular titles prefixed to their treatises, e. #., "The 
Rise of the Moon under the Auspices of Golden Particles," by 
the alchemist Dschildegi ; " A poem in the Praise of God, of Ma- 
homet and of Alchemy," by Dul-nun-el-Misri. 9 

The well known treatises of Geber, 10t 'Of the Investigation 
of Perfection," "Of the Sum of Perfection," "Of the Invention of 
Verity," and "Of Furnaces," notwithstanding a bewildering style 
of composition, which seems to confirm Dr. Johnson's derivation of 
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gibberish, from Geber, display very great familiarity with a large 
number of chemical substances and operations. 

Geber's works are generally assigned to the eighth century 
and consist chiefly of compilations from the " Books of the An- 
cients ;" he mentions no author by name. They contain chapters 
devoted to the seven known metals, to the methods of distil- 
lation, calcination, cupellation and other operations, to the prep- 
aration of saline substances and to chemical philosophy. Geber 
adopted Aristotle's views of the constitution of matter from four 
principles, the hot and cold, the wet and the dry, and adds thereto : 
"Mercury and sulphur are the components of metals," a doctrine 
which with slight modifications prevailed for more than eight cen- 
turies. Geber describes the preparation of nitric acid, of aqua 
regia, and of mercuric oxide ; he mentions the increase in weight 
of metals when calcined with sulphur, and gives the results of a rude 
quantitative analysis of crude sulphur. He constantly maintains 
the doctrine of transmutation of metals and gives a refutation of 
the ingenious arguments opposed thereto. His remarks on the 
qualifications of a chemist are most intelligent and are not inop- 
portune in modern times ; he urges the necessity of diligence, 
patience, learning, a temperate disposition, slowness to anger, and 
a full purse, " for this science agrees not well with a man poor and 
indigent, " together with faith in the God who " withholds or gives 
to whom he will " the secrets of nature, and who will infallibly 
punish the foolish meddler with magical mysteries. 

To detail fully our obligations to Arabian chemists is no part of 
our plan. They have left an indelible impression on the very lan- 
guage of the science, in the words alcohol, alembic, alkali, borax, 
and many others. All honor to the intelligent authors who a thou- 
sand years ago defined chemistry as the " Science of Combustion, 
the Science of Weight, the Science of the Balance ! " n 

In the middle ages intellectual activity was confined largely to 
the clergy, who controlled the schools of learning, the libraries, 
and nearly all sources of knowledge. University chairs were oc- 
cupied exclusively by clerical professors 12 , literature and science 
were cast in ecclesiastical moulds. Scientific treatises were the 
production of monks and emanated from cloisters. Many distin- 
guished philosophers mastered widely separated branches of learn- 
ing: among these were Alain de Lille (b. 1114), celebrated as a 
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physician, theologian, poet and historian, who filled the episcopal 
chair at Auxerre; Roger Bacon (b. 1214) an English cordelier; 
Raymond Lully (b. 1235), a Franciscan friar, and Albertus Mag- 
nus (b. 1193), Bishop of Ratisbon. The latter, amid the monoto- 
nous routine of a Dominican monastery, found leisure to distinguish 
himself in astronomy, medicine, alchemy and, according to his ene- 
mies, in necromancy. At this remote period, accusations of dealing 
with magic were not unfrequently made against those whose learn- 
ing and skill in experimental sciences excited envy and supersti- 
tious zeal. 13 

To treat the writings of these eminent ecclesiastics as a part of 
chemical literature requires perhaps a stretch of the imagination, 
yet three hundred years ago they were regarded as masterpieces 
of the science and formed the text-books of students of alchemy. 
The writings of these ecclesiastical philosophers are as comprehen- 
sive as the branches of learning they cultivated, and incredibly 
voluminous ; Albertus Magnus' collected works fill twenty-one folio 
volumes. 14 But a small fraction of these treatises are occupied 
with science and chemistry ; and of this fraction there is in many 
cases a reasonable doubt as to their authenticity. In fact, nothing 
was more common than the ascription of work by an obscure 
second-rate writer to some celebrated philosopher of preceding 
ages, in order to give the work the stamp of authority,*— a decep- 
tion which previous to the invention of printing was more readily 
accomplished. 

It became difficult therefore to distinguish the apocryphal writings 
from the genuine. The former, it is true, frequently betray them- 
selves by anachronisms and other blunders, but many ingenious wri- 
ters avoided such traps by adopting an enigmatical style worthy of 
the Delphian oracles. 

Basil Valentine was the reputed author of works held in the very 
highest esteem by the alchemists of the Middle Ages, yet the very 
existence of this individual is seriously questioned. Mystery 
surrounds Valentine's entire history, and his writings were given 
to the world in a most dramatic manner ; according to tradition 
they were hidden in the wall of a church at Erfurt and long after 
his death a thunderbolt shattered the wall and revealed the 
precious documents. 

Whether Valentine was a real personage or not the works as- 
cribed to him exhibit great familiarity with many chemical sub- 



236 ADDRESS BT 

stances and operations, though the obscure and incoherent style 
renders their intelligent perusal very difficult. 

Valentine's celebrated "Chariot of Antimony," 15 extolling the 
medical virtues of this metal, is perhaps the least obscure of his 
works; the "Twelve Keys of Philosophy" 18 with its singular 
plates, one of the most unintelligible ; yet beneath the extrava- 
gant jargon characteristic of the period, glimpses are obtained of 
light and intelligence. The latter work presents clearly the theory 
that all metals are compounded of three principles : fixedness, me- 
tallicity and volatility, represented respectively by salt, mercury 
and sulphur, an hypothesis which long completely controlled chem- 
istry until it gave place to the seductive theory of Phlogiston. It is 
uncertain whether the works ascribed to Valentine were first writ- 
ten in Latin or in German ; hip writings were collected in the sev- 
enteenth century and have been through many editions. 17 Several 
of his treatises have been translated into English and into French. 18 

In the fifteenth century the newly invented printing press was 
employed in the production of few works which can be regarded as 
chemical, and these were chiefly confined to isolated treatises of 
the ancient philosophers ; in the sixteenth century the alchemists 
began to publish the results of their industry and speculations, and 
in the succeeding century a prodigious number of alchemical works 
were issued in Germany, France and England, creating literature of 
an extraordinary type. 

Some of these treatises, which are numbered by thousands, record 
valuable experiments made by enthusiasts seeking the philosopher's 
stone, but the majority contain u a crude mass of incoherent prop- 
ositions and wild assertions, a mixture of poesy and insanity, in 
which all logical ideas are lost amidst the stilted phraseology, but 
through which breathed a blind yet fervent faith." 19 Great obscu- 
rity of style 20 ; an enigmatical method of naming chemical sub- 
stances which found its highest development in the use of arbitrary 
symbols and the pictorial representations of alchemical processes 21 ; 
the intimate association with astrology ; the honest or affected 
intermingling of pious comments and prayers 22 ; the extravagant 
claims to antiquity as respects authorship and processes 23 ; the*at- 
tempts to interpret the mythology of Egypt and Greece on an al- 
chemical basis ; the endeavor to associate the mysteries of Hermes 
with the sacred truths of the Christian religion 24 , — all combine to 
produce literary monstrosities as fascinating to the student of chem- 
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ical history as they are profitless to the practical worker in modern 
science. 

Among the fabulous writings, highly esteemed by the credulous 
alchemists, may be mentioned the celebrated inscription of Hermes 
Trismegistus upon an Emerald Tablet 35 , the Golden Leaves of 
Abraham, Jew Prince, Priest, Levite, Astrologer and Philosopher, 
which in the hands of Nicolas Flamel 26 yielded such a rich harvest, 
the Practical Chemistry of Miriam the sister of Moses 97 , and a 
multitude of grotesque writings ascribed to personages of known 
reputation. Raymond Lully is credited with five hundred works ; 
Hermes Trismegistus, the mythical Father of Sciences, with several 
thousand. 

Many of the alchemical works published during the period of 
which we speak are degraded by admixture of the contemporaneous 
pseudo-sciences, judicial astrology dnd magic. To this class belong 
the celebrated works of Dr. Fludd and the writings of the Rosicrus- 
cians ; excluding these as wholly beneath our consideration the 
number of occult works on alchemy is still very large. We imag- 
ine it will be hard to discover in the whole range of literature writ- 
ings having scientific pretensions more senseless than the aphorisms 
of the disciples of Pythagoras, collected in the "Turba Philosopho- 
rum" 28 so often quoted by the alchemists of the sixteenth and 
seventeenth centuries. Its improbable character is perhaps equalled 
by the "Gloria Mundi" in which the anonymous author favors his 
readers with the chemical views of Aristotle, Plato, Socrates and 
Democritus, interspersed with equally authentic statements by 
Hermes and Morien, Lamech and Methuselah, Abel and Seth, and 
even o£ Adam himself. 29 

In the early part of the seventeenth century, Michael Maier, 
physician to the Emperor of Germany, Rudolph II, a royal patron 
of astrologers and alchemists, published several treatises now much 
sought after by alchemical bibliophiles. 30 Maier's "Symbola 
aurea mensse" and u Atalanta Fugiens" contain emblematic plates, 
supposed to illustrate the hermetic interpretation of the fables 
and allegories of Egypt and Greece. 

The connection between these ancient mythologies and the se- 
crets of the philosopher's stone was a favorite subject with many 
authors and has been exhaustively treated by the Abb6 Pernety in 
his two curious works "Fables Egyptiennes et Grecques d6voil6es" 
and " Dictionnaire My tho-herm6tique." 31 Not content with prose, 
several authors clothed their alchemical inspirations in poetry ; 
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of these may be mentioned the Arabian treatises already named, 
the Twelve Gates of Alchemy by Sir George Ripley, written 
about 1450 39 , the Crede Mihi of Thomas Norton, written about 
1477 33 and the Chrysopoeia of Aurelius Augurelli. 34 The latter 
written in Latin hexameters with more pretensions to elegance than 
usual with the prosaic alchemists was dedicated in 1514 to Pope 
Leo X. Leo rewarded Augurelli by presenting him with an empty 
wallet, remarking that one who knew so well how to make gold had 
need only of a purse. 

The alchemists, in common with their contemporaries in other 
branches of literature, took pleasure in prefixing to their essays ec- 
centric titles ; Helvetius writes of "The Brief of the Golden Calf 
(The World's Idol) discovering the rarest Miracle in Nature;" 35 
Glauber names one of his treatises, u The Golden Ass well man- 
aged and Midas restored to reason." 3* 

Perhaps the height of absurdity is reached in the famous Liber 
Mutus 27 , which consists of a series of fifteen symbolical engravings 
purporting to disclose the whole Hermetic Philosophy. The utter- 
ly unintelligible character of much alchemical literature is occa- 
sionally acknowledged by those who otherwise accepted the pre- 
vailing popular belief in transmutation; Lenglet du Fresnoy, 
speaking of Raymond Lully's Clavicula, says " Lully assures us 
that this treatise is indispensable to the comprehension of his 
writings ; but, after reading it, one is little wiser than before." 38 

There are several large collections of alchemical treatises which 
the curious in these matters should consult ; the most extensive is 
Zetzner's Theatrum Chemicum 39 published in 1613 in six octavo 
volumes ; this contains no less than 209 distinct treatises, notwith- 
standing which Lenglet du Fresnoy remarks that many excellent 
ones are wanting. Manget's Bibliotheca Chemica Curiosa, 40 
published in 1702 in two folio volumes, contains 133 treatises; 
and the Musseum Hermeticum 41 (1678) contains 21 treatises, 
some of which are illustrated. The most extensive English col- 
lection is Ashmole's Theatrum Chimicum Britannicum, published 
in 1652, and a noted French collection is Salmon's Bibliotheque 
des Philosophes Chimiques (1672), of which the edition by Riche- 
bourg (1741) is by far the best. 42 

Stimulated by avaricious hopes, the zealous alchemists labored 
most industriously ; and, by subjecting mixtures of all known sub- 
stances to heat and to the action of acids, discovered a multitude 
of new bodies having more or less medical and economic value. 
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As we have seen, their writings consist for the most part of mon- 
ographs describing disconnected experiments, with no attempt at 
exhaustive treatment of any single topic, no classification of phe- 
nomena and no well studied arrangement of material such as 
characterizes later handbooks. Nor can a scientific collocation be 
expected during the formative period of chemistry and previous 
to the introduction of theories around which to group the isolated 
phenomena. One of the earliest attempts to treat chemical facts 
in a systematic manner was made by Sir George Ripley, Canon of 
Bridlington, who lived in the fifteenth century. In his " Compound 
of Alchemy" written in 1471 the whole science of hermetic chemis- 
try is unfolded in a poem divided into twelve sections called 
"Gates" through which the reader is conducted to the mysteries 
of transmutation. 43 

" But into chapters thys Treatis I shall devyde, 
In numbre twelve, with dew recapytulatyon ; 
Superfluous rehearsalls I lay asyde, 
Intendyng only to give trew informatyon 
Both of the theoryke and practlcall operatyon: 
That by my wry tyng who so wyll guyded be, 
Of hys intente perfyctly speed shall he. 

The fyrst chapter shall be of natural Calcination; 
The second of Dyssolution, secret and phylosophycall 
The third of our elementall Separation ; 
The fourth of Conjunction matrimonial; 
The fyfth of Putrefaction then followe shall ; 
Of Congelation Albyflcative shall be the sixt, 
Then of Cybation, the seaventh shall follow next. 

The secret of our Sublymation the eyght shall show; 

The nynth shall be of Fermentatyon ; 

The tenth of our Exaltation I trow. 

The elevent of our mervelose Multiplycatyon, 

The twelfth of Projection ; then Becapitulatyon, 

And so this treatise shall take an end, 

By the help of God, as I entend. 



Thus here the Tract of Alchemie doth end ; 
Which tract was by George Bipley, Chanon, penn'd 
It was composed, writt and signed his owne, 
In anno twice seaven hundred seaventy one. 
Reader, assist him, make it thy desire, 
That after life he may have gentle fire ! Amen. 
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Ripley's versification and theme remind one of Chaucer's 
Canon's Yeoman's Tale composed nearly one hundred years earlier. 

We can only briefly allude to Paracelsus' bombastic produc- 
tions 44 , which are concerned chiefly with medical chemistry, and 
to the remarkable works of George Agricola 45 , distinguished by 
profuse illustration, portraying the apparatus and operations of 
mining and metallurgy in the sixteenth century. 

Conspicuous for accuracy of description and systematic arrange- 
ment of topics is the " Alchymia" of Andrew Libavius, published 
at Frankfurt in 1595. 46 Libavius, a physician and teacher in the 
gymnasium at Coburg, rejected the absurd doctrines of the adhe- 
rents of Paraoelsus, combated superstition and quackery and, ex- 
celling in observation of chemical phenomena, gained a worthy 
position among his compeers. In his Alchymia he treats of the 
Encheria or manual operations of chemistry and of the CJiymia or 
descriptions of substances, in separate books. The former he di- 
vides into two sections, one dealing with the instruments and the 
other with the management of fires and construction of furnaces. 
He describes at length a sumptuous laboratory provided not only 
with every requisite for chemical experimentation, but also with 
means of entertaining visiting guests, including such luxuries as 
baths, enclosed corridors for exercise in inclement weather, and 
a well stocked wine-cellar. 

Libavius was the discoverer of stannic chloride which still bears 
the name " fuming liquor of Libavius" ; he describes the method of 
preparing artificial gems by coloring glass with divers metallic 
oxides, and he seems to have been the first to apply the balance 
to the examination of mineral waters. Notwithstanding his pro- 
gressive position he devotes eighty pages of his Commentary to the 
Philosopher's Stone in which he was a firm believer. The second 
edition of his works, published in 1606, forms a folio of 800 pages. 
It has sometimes been called the First Text-book of Chemistry. 

The "Tyrocinium Chymicum" (1608) of Jean Beguin 47 , Al- 
moner to King Louis XIII of France, a less pretentious work, is 
characterized by freedom from ambiguity and prolixity as well as 
from hermetic superstitions ; it deals chiefly with the medical ap- 
plications of chemistry.' 

In 1660, Nicolas le Febvre, demonstrator of chemistry at the 
Jardin des Plantes, published a "TraictS de la Chymie" 48 greatly 
superior to all preceding works of its kind. He collected the 
most reliable theories and experiments from all published sources 
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and arranged them in a logical, systematic manner. The first six 
chapters treat of the theory of chemistry ; the author admits five 
elementary principles: phlegm (or water), spirit (or mercury), 
sulphur, salt and earth, the first three being ingredients of volatile 
substances, and the latter those of refractory bodies. He defines 
metals as hard bodies generated in the bowels of the earth, capa- 
ble of extension under the hammer and of being melted by fire. 
He divides metals into the perfect and the imperfect, and also into 
male and female, the latter subdivision being based upon their 
behavior with acids ; gold, lead and antimony are male metals be- 
cause soluble only in aqua regia, and the other five, silver, copper, 
iron, tin and mercury are female, because soluble in unmixed 
acids. 

In the second part the author discusses the manipulations of 
chemistry and recognizes many nice distinctions now overlooked 
for example, under the head of mechanical division he descrihes in 
detail the following operations: "limation, rasion, pulverization 
alcoholization, incision, granulation, lamination, putrefaction 
fermentation, maceration, fumigation both dry and humid, colio 
bation, precipitation, amalgamation, distillation, rectification, sub 
limation, calcination both actual and potential, vitrification, pro 
jection, lapidification, extinction, fusion, liquation, •cementation 
stratification, reverberation, fulmination or detonation, extraction 
expression, incineration, exhalation, digestion, evaporation, desic 
cation, circulation, congelation, crystallization, fixation, volatili 
zation, spiritualization, corporification, mortification and revivifi- 
cation." 

In the experimental part Le Febvre explains the arrangement in 
the following language : 

" We shall begin with the meteoric bodies, rain, dew, honey, 
wax and manna ; we shall then describe the preparations made from 
animals and their secretions ; next, the numerous products of the 
vegetable world ; and lastly, the mineral kingdom with its stones, 
salts, marcasites and metals ;" a division still recognized. 

The order in which he treats mineral chemistry is as follows : 
Earths ; stones, precious and otherwise ; metals ; semi-metals, em- 
bracing mercury, antimony and bismuth ; salts, including common 
salt, saltpetre, alum, sal-ammoniac and the vitriols ; and lastly, 
the sulphuretted minerals, arsenic, etc. Under each division he 
gives precise instructions for numerous experiments upon these 
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substances and describes their medicinal value. The whole work 
is written in a clear style, free from affectation of mystery ; it 
rapidly passed through five editions, and was translated into Eng- 
lish and German. 

Three years after the appearance of Le Febvre's Trait6, his suc- 
cessor at the Jardin des Plantes, Christopher Glaser 49 of Basle, 
published a work having the same title also marked by special 
excellence. 

The most successful handbook of the seventeenth century was 
undoubtedly the "Cours de Chymie" by Nicolas Lemery, 50 an 
eminent lecturer in Paris. The first edition of this work was pub- 
lished in 1675, and it reached the tenth edition before the close of 
the century ; a fourteenth edition enlarged by Baron appearing as 
late as 1756. It was also translated into English (1677), Ger- 
man (1698), Italian (1763), and Spanish. The remarkable success 
of this work is due to a facility for describing dry facts with 
remarkable simplicity and accuracy. His style is more concise 
than Le Febvre's, and his arrangement of material shows a pro- 
gressive spirit. The limits of this address forbid an analysis of 
Lemery's Handbook, which, moreover, is better known than some 
others to which we have granted fuller treatment. 

Passing over a period of fifty years, the next complete compen- 
dium of chemical knowledge which we notice is the " Elementa 
Chemise" of Hermann Boerhaave, the celebrated professor of bot- 
any, chemistry and medicine in the University of Ley den. 
Boerhaave's great erudition, purity of style and brilliant elo- 
quence attracted students in great numbers ; such was the popu- 
larity of his lectures that " certain booksellers who aimed at 
lucre by the most scandalous means" published them in 1724, 
without his authority or consent ; this "surreptitious edition" 51 con- 
tained, as Boerhaave himself complains, such "false, ridiculous and 
absurd things in every page," that he was compelled to publish 
his lectures in an accurate and complete form. Both editions 
were translated into English by Dr. Peter Shaw, and the author- 
ized work passed through many editions in Latin, French and 
German. 59 Instead of attempting to give an analysis of two 
quarto volumes, we will quote Boerhaave's own account of his 
plan. 

" My design," he says, " is to initiate students in the knowl- 
edge of chemistry ; and to do this in the most effectual manner, I 
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shall give a clear methodical explication of all that is necessary 
for understanding the best authors and for performing the chief 
operations in this experimental art." After acknowledging the 
difficulty of a systematic treatment of u a science which has been 
cultivated rather by experiments at random than upon any regular 
principles, and by persons usually destitute of all . . . knowl- 
edge in the liberal arts ;" he claims that u these obstacles may be 
surmounted by making a collection of the several effects, which 
the art has actually produced, justly deducing general rules there- 
from and duly digesting the whole." He then explains the divi- 
sion of his work into three parts. 

44 The first will rehearse the origin, progress, cultivation and 
fortune of chemistry, . . ; the second part will deliver certain 
theorems or principles of chemistry ; the third will exhibit the 
actual operations of chemistry, whereby bodies are changed agree- 
ably to the rules of the art and to the end proposed therein." Boer- 
haave's sketch of the history of chemistry begins with the earliest 
times but seems to have been left incomplete ; it is rendered useful 
by classified lists of chemical writings and numerous references. 

In his treatment of the theory he departs somewhat from his 
plan and introduces material which really belongs to the third or 
practical part. Boerhaave introduces sections on the use of chem- 
istry in natural philosophy, in medicine and in the mechanical arts ; 
gives an exhaustive account of the wonderful nature of fire and 
experiments in heat, together with ingenious speculations concern- 
ing the heat of celestial bodies ; he describes the various forms of 
chemical apparatus and the preparation of curious and useful sub* 
stances from the vegetable, animal and mineral kingdoms. Boer- 
haave exhibited the spirit of a true philosopher and produced a 
work of extraordinary merit. He was quite free from the follies 
of alchemy, though he cautiously remarks that u we should always 
remember the limits of nature are by no means to be defined by 
us, things are taken for impossible which are only unknown by the 
ignorant" and "many things in chemistry are apparently more in- 
credible than that lead should lose its natural form, and be con- 
verted into gold." M 

Contemporary with the systematic compilations of Libavius, 
Le Febvre, Boerhaave and others, were published hosts of inde- 
pendent works setting forth the results of prodigious labor in the 
chemical laboratory ; many of these are filled with descriptions of 
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experiments made at haphazard, with no definite object in view, 
and having no necessary connection with each other. 

Glauber's 54 voluminous writings, published in 1658, may be taken 
as an example of this class ; in his works, amid controversies 
with Galenical physicians and curious apologies resulting there- 
from, amid descriptions of alchemical mysteries and receipts for a 
universal panacea, amid extravagant praises of the " sal mirabile " 
(Glauber's salt), and curious narratives of personal history, we find 
many novel chemical facts having a medical or an industrial value. 
The whole is clothed in a very crude style with an affectation of 
secrecy and under capricious captions. 

On the other hand, some of these treatises show signs of genius, 
especially in attempts to establish theories in explanation of the 
familiar yet astonishing phenomena; thus Van Helmont, whose 
contributions to medical chemistry we pass by, invented the word 
gas to aid in discriminating aeriform bodies 55 ; and Key, in his 
"Essays on the increase in weight of tin and lead when calcined 56 ,' 9 
demonstrated the weight of the air thirty years before the masterly 
researches of Boyle. 

To attempt in this rapid review to do justice to the philosophi- 
cal writings of the Hon. Robert Boyle is a hopeless undertaking. 
From his first publication, in 1660, " New experiments, physico- 
mechanical, touching the spring of the air and its effects," to his 
posthumous treatise " Medicinal Experiments/' published in 1692, 
his works teem with ingenious experiments described with great 
candor and fidelity, and from which conclusions are drawn with 
cautious reserve and philosophical soundness, as admirable as his 
rare modesty. 

In his " Sceptical Chymist" (London, 1661), Boyle raises doubts 
as to the elementary nature of earth, air, fire and water, as well as 
of the alchemical principles, sulphur, salt and mercury, and claims 
that the first elements of bodies are atoms of different shapes and 
sizes, the union of which forms what are vulgarly called elements ; 
he argues that their number should not be confined to three nor four, 
but that probably a large number of primary constituents would 
eventually be separated or isolated as such. He also first clearly 
recognizes the distinction between mixture and chemical combina- 
tion. 

The rejection of Boyle's prophetic hypothesis by his contempo- 
raries much retarded the progress of the science. " More, how- 
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ever, than for his views on the nature of the elements, science is 
indebted to Boyle for his clear statement of the value of scientific 
investigations for its own sake, altogether independent of any 
application for the purposes either of the alchemist or of the phy- 
sician . . Boyle was in fact the first true scientific chemist, 
and with him we may date the commencement of a new era for 
our science when the highest aim of chemical research was ac- 
knowledged to be the simple advancement of natural knowledge." 
(Roscoe.) 

Boyle's voluminous writings were collected by Birch in five fo- 
lio volumes and published in 1744. His diffuse style of composi- 
tion, with frequent long digressions, renders a perusal of his writ- 
ings wearisome and led to an edition by Dr. Shaw, in which his 
works are " abridged, methodized and disposed under general 
beads," forming three quarto volumes bearing the date 1725. 57 
Many of Boyle's papers were published in the Philosophical 
Transactions. 

The literature pertaining to the theory of phlogiston belongs 
almost wholly to the eighteenth century. It is true that Becher's 
Physica Subterranea was published in 1659 58 , but the theory of a 
combustible principle existing in all metals remained dormant until 
Becher's admirer, George Ernest Stahl, published an edition of the 
Physica Subterranea in 1702; to this he prefixed a long preface 
elaborating those doctrines which exerted such immense influence 
on both the theoretical and practical science, for more than a cen- 
tury. The writings of Becher and Stahl are notorious for their 
barbarous mixture of poor Latin and German, for which indeed 
both authors apologize. 59 

In Mayow's Treatise on the nitro-aerial spirit 60 , we find records 
of admirable experiments in pneumatic chemistry supported by 
accurate reasoning and almost prophetic insight of later theories 
of combustion, but his early death prevented the continued support 
of his views, and Mayow's treatise was soon forgotten by the prej- 
udiced followers of Stahl. 

In the 3 r ear 1683 a noteworthy event occurred in the chemical 
world, the opening of public laboratories of instruction. Chairs 
of chemistry 'had long existed in institutions of learning, the first 
being filled nearly eighty years before by Johann Hartmann, and 
the honor belonging to the University of Marburg. Practical in- 
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struction had been secured also in the private laboratories of the 
wealthy, thus Romberg and Friedrich Hofmann worked in Boyle's 
establishment 61 ; but the first public laboratory for instruction 
was opened at Altdorf, Bavaria, under the direction of Prof. J. 
M. Hofmann. A survey of the status of chemical knowledge at 
that date offers a tempting digression but the length of this ad- 
dress forbids. 

The second public laboratory was opened in the same year 
(1683) at Stockholm, under the patronage of Karl XI of Sweden, 
and under the guidance of Urban Hiarne. Both institutions is- 
sued publications bearing the general title Acta 62 which may bo 
regarded as forerunners of the " Contributions from the Labora- 
tory of University " now so common in periodical litera- 
ture. 

Lexicons and dictionaries have been a feature of chemical liter- 
ature from the earliest times ; we have already alluded to the 
vocabularies of the sacred art found among the Greek MSS. of the 
Paris National Library and referred to the tenth and eleventh cen- 
turies. These, however, seem to have been compiled for the pur- 
pose of misleading the novice in alchemical mysteries, and as 
Hoefer justly remarks themselves need commentaries to become in- 
telligible. 

The universal employment of symbolic characters, to represent 
both chemical substances and operations, rendered alchemical lit- 
erature difficult of perusal and early led to the publication of keys 
and vocabularies explaining them. Such keys occur in the manu- 
scripts just mentioned, in Eschenreuter's " Universal Panacea for 
Men and Metals " 63 which purports to have been written in or be- 
fore the fourteenth century, and in the works of Oswald Crollius 64 , 
Kircber 65 , Le Febvre, Lemery and many authors of the seventeenth 
century : these however are not properly dictionaries. 

Dr. Martin Ruland, court physician to Rudolph II, published a 
"Lexicon alchemise" in 1612, and William Johnson 66 a "Lexicon 
chymicum" in 1657, but the first really satisfactory treatment of 
chemistry in monographs alphabetically arranged was by Mac- 
quer 67 whose " Dictionnaire de Chymie," published in 1766, had 
great success, passing through several editions and 'being trans- 
lated into the German, English, Italian, Spanish, Danish and Rus- 
sian languages. 68 Macquer found many followers, among whom 
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may be mentioned Nicholson (1795), Cadet (1803), and well known 
authors whose works are indispensable to all students of the sci- 
ence. 

Prof. Wm. Ripley Nichols, of Boston, late chairman of this Sec- 
tion, in a recent private communication, has expressed the need of 
yet another dictionary, one of chemical synonymes. He calls at- 
tention to the large number of names by which certain chemical 
substances have been known at different epochs and in different 
professions, and to the utility of a dictionary explaining their 
synonymy. Professor Nichols suggests "restricting the list to 
terms found in the literature of the preceding hundred years, but 
including such alchemical names as have peculiar historic interest 
and such as have persisted more or less in commerce and phar- 
macy." He also suggests that the work should include English, 
French and German names, except when they are simply literal 
renderings of the same term, and names of those minerals which 
are of simple composition like halite, witherite, fluorite, etc., under 
their appropriate heading. In an example of the proposed method 
of treatment he gives a long list of names for ferric oxide under the 
several heads : alchemical, chemical, mineralogical, pharmaceutical, 
commercial and popular. 

The idea is certainly excellent and we have Professor Nichols' 
permission to mention it publicly in the hope that some one may 
be incited to compile such a work. We are not aware of the ex- 
istence of any modern chemical synonymicon, not having seen 
Berta's Dictionary of chemical terms 69 , published at Padua in 1842 ; 
perhaps the nearest approach to the ideal work of Professor Nichols 
is Sommerhoff's Lexicon pharmaceutico-chymicum 70 , published in 
1701, a folio of 400 pages. 

About the middle of the seventeenth century the dissemination of 
the views of Lord Bacon, as expressed in his Novum Organon, gave 
a great impulse to scientific investigations, and the "splendid fiction 
of the new Atlantis" was practically realized in the foundation 
of the "Royal Society for improving Natural Knowledge." The 
learned men, who in 1645 met in London, and there disturbed by 
unhappy dissensions of civil war withdrew to Oxford to report and 
discuss philosophical experiments, laid the foundations of an edi- 
fice destined to rise higher, endure longer and to shelter a nobler 
offspring than the most sanguine could have foreseen. The organ- 
ization was granted a charter by King Charles II in 1662 and 
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three years later began the publication of the "Philosophical 
Transactions, giving some accompt of the present undertakings, 
studies and labours of the ingenious in many considerable parts of 
the world." In the following year the French Academy of Sciences 
began their Memoires. Thus arose the element of periodicity in 
scientific literature, one which rapidly increased in importance. 

The year 1665 also witnessed the birth of the parent of that 
large class of periodicals not issued by societies but published by 
private parties either individually or cooperatively. The first 
number of the "Journal des Scavans" appeared January 5, 1665, 
and for one hundred and thirty years was the most prominent lit- 
erary and scientific journal of Europe. At that early date the 
periodicals partook of a literary nature rather than of the scientific, 
but gradually these two elements became distinct and the lines 
became more and more closely drawn nntil every branch of pure 
and applied science supported a serial especially devoted to its 
progress. Among the earliest periodicals devoted to chemistry 
and its associate physics may be mentioned the " Journal de Phys- 
ique et de chimie," edited by the Abb6 Rozier, de la M&therie and 
others, begun in 1770 and continued through ninety-five volumes 
to 1822 ; the "Chemisches Journal" of Lorenz Crell, 1778-86, which 
was followed by the "Chemische Annalen" by the same editor, ex- 
tending until 1803. The "Annales de Chimie et de Physique," 
begun in 1789, enjoys the honor of being the oldest surviving serial 
of this class. 71 

Of the foundation of Societies exclusively devoted to chemistry 
in France, England, Germany and America, and of their periodical 
publications, we can make mere mention. The existence of a "Co- 
lumbian Chemical Society" in Philadelphia, as early as 1811, de- 
serves passing notice. Two volumes of its Memoirs were published 
containing articles by Drs. Mitchell, Cutbush, Manners, Bache 
and others. 

Of chemical bibliography and works relating exclusively to the 
history of the science, we have elsewhere 72 given a critical r6sum6. 

As we proceed with this review of chemical literature, the pub- 
lications increase enormously in number, variety and importance, 
and the end of our undertaking seems to move forward faster 
than we progress. It is manifestly impossible in the brief time 
allotted to this address to analyze the chemical literature of the 
preceding hundred years. How shall we attempt to portray the 
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theories and experiments recorded in the writings of Bergmann 73 , 
Scheele 74 and Gahn, the eminent Swedes; of Black 75 , Caven- 
dish 76 and Priestley 77 , the English triumvirate ; of the French phil- 
osophers Fourcroy 78 , de Morveau 79 , and Lavoisier 80 ; of the indus- 
trious German chemists Kunckel 81 , Marggraf 89 , Wenzel 83 , Klap- 
roth 84 and Richter 85 ; or of the Italian philosophers Galvani 86 ,Vol- 
ta 87 , and Brugnatelli P 88 And passing to a later period, how shall 
we do justice to the labors of Berthollet 89 , Gay Lussac 90 , Th6nard 91 
and Laurent 92 ; of the immortal Dalton 93 , of the brilliant Davy 94 of 
the indefatigable analyst Berzelius 95 ; of Mitscherlich, Liebig, Woh- 
ler, and Hofmann ; of Dumas, Berthelot and Adolph Wurtz ; of 
Graham, Frankland, Abel and Crookes? 

American contributions to chemical literature have been exhaus- 
tively discussed in the hearing of many present and need not now 
detain us ; I refer to Prof. Silliman's Address at the celebration of 
the centenary of Priestley's discovery of Oxygen, held at Northum- 
berland in 1874. 96 

The modern period of chemical literature is characterized by 
two opposing forces, a tendency to dispersal and an effort to col- 
lect the widely scattered publications. The multiplication of 
learned societies especially in Europe, each of which supports its 
own organ, and the increasing number of nations interested in 
scientific pursuits, in each of which arises an independent period- 
ical, tend to the wide dispersal of memoirs, essays and notices. 

On the other hand, industrious editors laboriously collect and 
set in order these scattered observations, constructing compact, 
massive handbooks and many volumed cyclopedias. The monu- 
mental work of Gmelin, which is even now passing through another 
edition, has worthy rivals in the magnificent compilations edited by 
Henry Watts and by Adolph Wurtz, and in the work of Beilstein in 
a field of special difficulty. For systematic treatises we can point 
to Miller, Graham-Otto, Pelouze et Fr6my, Roscoe and Schorlem- 
mer and the ever youthful Fownes. 

Invaluable, too, are the annuals known as Jahresberichte, mon- 
uments of conscientious editorship. 

Another feature of modern growth is the multiplication of special 
treatises dealing with single topics in every branch of chemistry, 
inorganic, organic, theoretical, analytical, technological, pharma- 
ceutical and physiological, until mere acquaintance with their titles 
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becomes a serious undertaking for busy workers in the labora- 
tory. 

The amount of time and labor required to search for a given 
point throughout the maze of modern chemical journals, transac- 
tions, treatises and hand books, is well appreciated by my audience ; 
the superb dictionaries and annuals referred to accomplish much 
in cataloguing, condensing and systematizing the infinity of ob- 
servations ; nevertheless, all working chemists feel the need of 
special indexes, simply arranged, as complete as possible and ac- 
cessible to every one. Sharing in this feeling, I have contributed 
my mite to the literature of chemical indexes and have inspired 
several friends, fellow-members of this Association, with the cour- 
age to follow. Uranium 97 , Manganese 98 , Titanium 99 , Vanadium 100 , 
Ozone 101 , and Peroxide of Hydrogen 103 have been indexed on a 
uniform plan, and my pupil W. W. Webb, B. S., has prepared an 
Index to the Literature of Electrolysis 103 , which will soon be 
published in the same channel as the others ; — the Annals of the 
N. Y. Academy of Sciences. 

Pardon, we beg you, these personal allusions : we have indulged 
in them with the object of bringing before this Section a proposi- 
tion for organized effort in the preparation of Indexes to all the 
Elementary Substances on a uniform plan. 

The advantages' which would accrue from the publication of 
special indexes to the literature of the elements and of such other 
subjects as may prove desirable are too obvious to need argument ; 
I have thought that the undertaking might be placed in the hands 
of a Committee of the Chemical Section of this Association. The 
existence of an Index Society in England under the guidance of 
Henry B. Wheatley, F. S. A., Hon. Sec., 104 affords a precedent, if 
indeed any be required. 

The first duty of the Index-Committee of the Section of Chem- 
istry would be to secure volunteers willing to undertake the com- 
pilation of special indexes ; surely in this National Association a 
few chemists can be found ready to cooperate in such an import- 
ant work. The Committee would further adopt a uniform plan for 
the indexes, determine the method or channel of their publication, 
and exercise general editorial supervision over the undertaking. 

Hoping that this suggestion will receive your approbation I leave 
it in your hands. 
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On a New Microchemical Method op Determining the Feld- 
spars in Rocks. By J. Szab6, of Budapest, Hungary. 

Mr method of determining the feldspars in rocks is based chiefly 
on the coloration of the flame by potash and sodium, and on the 
degree of fusibility of the different kinds of feldspars. 

In order to obtain the same results, the circumstances under 
which the experiments are made must be the same. The colora- 
tion of the flame and the fusibility are observed at the same time, 
in the same experiment. 

I take a Bunsen burner of the dimensions described by Bunsen, 
the lamps being those furnished by Desaga in Heidelberg. I use 
two parts of the flame, one without the chimney at a height of five 
millimetres above the lamp for a lower temperature, and one for the 
highest temperature, which is produced by putting the chimney on 
the lamp and using a height of 5-10 millimetres above the chim- 
ney. It is the "Schmelzraum" of Bunsen, the region of fusion, 
and he estimates its temperature at 2300° C. 

The platinum wire for introducing the feldspar grain must be very 
thin, a piece of one decimetre length should not weigh more than 
thirty-two milligrammes. I take pieces of it of three centimetres 
in length, connect them by fusion with a glass tube at one end, 
and at the other end, a ring is made of about one millimetre diam- 
eter, on which the grain of feldspar is fixed by means of distilled 
water. 

The size of the feldspar must be approximately the same ; it is 
the size of a fine mustard seed. If perfectly fused, it should be 
about this size (•). The feldspar grain is introduced into the dif- 
ferent parts of the flame by fixing the glass tube to the holders 
used in the observations for spectrum analysis. 

A. A. A. S., VOL. XXXI. 17 (257) 
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New determination of the fusibility of the minerals. 

The result of determining the fusibility of the minerals being in 
many respects different from the results as obtained by Von Ko- 
bell, I find it necessary to give a brief description of my method 
of obtaining the degrees of fusibilit}\ 

For determining the fusibility with the same platinum wire and 
of the size mentioned, I use three parts of the Bunsen flame : a, 
the base of the flame ; &, the height of five millimetres as men- 
tioned, and c, the region of fusion, " Schmelzraum." Now I give 
the degrees of fusion according to the results obtained in those 
three experiments, and discriminate the following eight degrees for 
the fusibility of the minerals in general. 

0. Infusible in all the three cases. Quartz, spinel. 

1 (I = ; II = 1) In five millimetres height during one minute 
no change is visible ; but in the highest temperature after being 
exposed for one minute, the points and edges begin to be a little 
rounded, but on the sides no change is remarked. Bronzite, 
hematite, some anorthite, and some angite (Mont6 Rossi, Etna). 

2 (1= 1 ; 11 = 2), The base of the flame serves in most cases 
only to fix the grain to the platinum wire. I speak of the first 
experiment, when the grain is introduced into the flame at five mm. 
height, and I call the second experiment obtained in the highest 
temperature. The mineral, to which I give the second degree of 
fusibility, shows after having been exposed for one minute to the 
flame in five mm. height a change in the points and edges, but the 
faces keep their original condition. In the second experiment even 
the faces began to fuse, but without being rounded. Some diallo- 
gite, bytownite. 

3. (I = 1-2 ; II = 3). In the first experiment (five mm. ; one 
minute) the points, edges and faces show the fusion but the general 
form of the grain is not changed. In the second experiment (re- 
gion of fusion ; one minute) the whole grain begins to be rounded, 
without becoming globular. Adularia (St. Gothard), labradorite, 
magnetite. 

4. (I = 2-3 ; II = 4). In the first experiment (fifty-five mm. ; 
one minute) it fuses without forming a globule ; but in the second 
experiment it gives a perfect globule. Some hypersthenite, am- 
phibole, most kinds of augite. 

5. (1 = 4). It fuses to a globule in the first experiment (five 
mm. ; one minute) ; in this case the second experiment is not re- 
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quired. Petalite, garnet, some albite (of the trachytes of Hun- 
gary) • 

6. It fuses to a globule at the height of 5 mm. in less than one 

minute, or in the base of the flame but after the red heat. Borax, 
cryolite. 

7. It fuses to a globule after some seconds near the base of the 
flame, before becoming red hot. Stibnite, sulphur, ozokerite, etc. 

The results may be sometimes intermediate, for instance : 6-7 for 
rock salt, which begins to be fused at the commencement of a red 
heat ; and the degree of fusion would be indicated as 5-6, 4-5, etc. 

The exclusive use of Bunsen's burner in determining the fusi- 
bility is .an advantage of my method as compared with the method 
of Plattner and Von Kobell, because the result is not affected by 
subjective ability of handling the blow-pipe. The temperature is 
nearly always the same, the gas flame used by me is never higher 
than fourteen centimetres. The time is also fixed, it is one minute. 

The use of a lower and higher temperature and the observation 
of the change with a lens are in some cases very interesting. It is 
sometimes found that the substance is a mixture, for example, of 
feldspar and quartz ; the feldspar is fusible, and the points and 
edges of the infusible quartz become visible in the mass in the first 
experiment, while at the high temperature the two substances may 
give one fused mass. 

The chemical elements or the invariable binary compounds 
(quartz, magnetite, cassiterite, etc.) have a constant degree of 
fusibility, but this is not the case with compounds in which the 
isomorphic elements replace each other, or which are variable in 
the relative quantity of their elements, and that is the case with 
by far the greater number of minerals and especially with the feld- 
spars. The presence of some elements make the mineral more or 
less fusible. Sodium is the element in the silicates which makes 
them easily fusible ; the magnesium and aluminum render them 
less fusible, or altogether infusible. This important fact has in- 
duced me to establish the standard for the degree of fusibility 
according to the circumstances under which the fusion takes place, 
and not to take a mineral representing the degree, because such 
minerals are not to be found for all degrees among the elements, or 
the double constant compounds and the more complicated minerals, 
as amphibole, orthoclase, garnet, etc., may be variable, even when 
obtained from the same locality. 
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The Visibility of the feldspars, amphiboles, augites, as the chief 
rock-forming minerals, varies between 0-5. 

The feldspars. 

According to the dominant protoxide element there are potash, 
soda and lime-feldspars, which are passing into each other not only 
according to the silicic acid but also according to the protoxide 
element. 

Tschermak discerns in the three kinds of feldspars on the " prin- 
ciple of equidistance" of the characteristic protoxide the following 
ten series. 

A. Potash feldspar (orthoclase) . 

1. Adularia series K, O 16-13 per cent 

2. Amazonite " " 13-10 " " 

3. Perthite " " 10-7 " " 

4. Loxoclase " " 7-4 " " 

• 

B. Sodium feldspar (sodium plagioclase). 

5. Albito series Na^ O 12-10 per cent 

6. Oligoclase u " 10-8 " " 

(7. Lime feldspar (calcium plagioclase). 

7. Andesine series Ca O 6-10 per cent 

8. Labradorite " " 10-13 " " 

9. Bytownite " " 13-17 " " 
10. Anorthite " " .17-20 " " 

If the dominating protoxide elements show this change, the other 
elements vary in their relative quantity, of which the limits are 
given in the following table, taken from a considerable number of 
reliable analyses. 

NaaO K 2 CaO Al a 3 Si O, 

1. Adularia 1-2 16-13 0-15 17-19 67-64 

2. Amazonite 2-4 13-10 0-15 17-19 67-64 

3. Perthite 4-6 10-7 1-15 17-19. 67-65 

4. Loxoclase 6-8 7-4 1-15 19-20 67-65 
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Na 2 K 2 CaO Al 2 O a Si 2 

5. Albite 12-10 0-1 0-1 18-20 69-66 

6. Oligoclase 10-8 1-2 2-6 21-24 65-61 

7. Andesine 8-5 2-1 6-10 24-29 60-54 

8. Labradorite 5-3 2-1 10-13 25-30 56-50 

9. Bytownite 3-1 1-0 13-17 29-34 52-47 
10. Anorthite 2-0 1-0 17-20 32-37 46-43 

If we take into consideration the results of the chemical, optical 
and crystallographical study of feldspars, we must distinguish : (a) 
in the class of potash feldspars, chemically, the adularia, amazonite, 
perthite and loxoclase ; optically, orthoclase and microcline ; (b) 
in the class of sodium feldspars, from a chemical point of view, albite 
and oligoclase ; from an optical point of view, soda, plagioclase 
and the very rare soda orthoclase ; (c) in the class of the lime 
feldspars the dimorphism has not yet been observed, therefore we 
discern only the four chemical species : andesine, labradorite, by- 
townite and anorthite, which on optical and crystallographical 
grounds are to be considered as four distinct species. 

According to Tschermak's classification ten series have been 
established ; there are intermediate series too, and in the same 
manner it is possible to distinguish less than ten series. From a 
geological point of view it is enough to establish the following five 
species : orthoclase, microcline, oligoclase, labradorite and anor- 
thite. 

The potash feldspar, as a rock-forming mineral, in most cases 
corresponds with the amazonite and perthite series, while adularia 
is restricted to the crystals found in veins and cavities of some 
orthoclastic rocks. It is therefore, for the geologist, sufficient to 
make use of the general name of orthoclase for the potash feldspar, 
except in the case when the microscope shows the presence of the 
dimorphic state, then the microcline must be named too. The 
microcline is very common in the old orthoclastic rocks, but in the 
newer volcanic rocks, containing the feldspars in a glassy state, I 
have never observed it. 

In the series of the soda feldspars albite is restricted to the min- 
erals found in the cavities of certain rocks, while the soda feldspar 
as a rock forming mineral is usually the oligoclase. In geologi- 
cal respect the oligoclase and the andesine have nearly the same 
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rdle, therefore generally they might be taken for one species ; the 
distinction may be reserved for a more detailed classification. 

The labradorite is the main representative of the soda lime 
feldspars, but variable too. It stands sometimes nearer to the 
andesine ; at other times nearer to the bvtownite series. 

The true lime feldspar is anorthite with bytownite, which are 
nearly always found together. 

In the same rock it is very rare to find only one kind of feldspar ; 
there are at least two, if not more, to be found together, but one of 
them is usually dominant, and then it is entitled to enter into the 
nomenclature of the rock. 

Tlie coloration of the flame. 

The yellow coloration of the flame by the feldspars is a constant 
character ; I have never found a feldspar without sodium, though 
analyses are met with in which the sodium has not been mentioned. 

The coloration caused by sodium is very intense ; it overcomes 
every other color, and this is also the case with the red flame pro- 
duced by the presence of potash. 

To observe the coloration produced by potash, I prefer to make 
use of the solution of indigo in concentrated sulphuric acid pre- 
pared as described by Fresenius, but diluted only so far, that 
the white-heated platinum wire begins to be visible through it. 
Cobalt glass is good only when it contains a high percentage 
of oxide of cobalt. 

The calcium combined with silicic acid never shows any color- 
ation. 

I discover five degrees in the yellow flame of sodium : 

1. The yellow flame is very small. It is obtained by introduc- 
ing into the flame the anorthite of Monte Somma. It corresponds 
to one or less per cent of Na 2 in the feldspar. 

2. The yellow flame is a little larger. It is shown by the pot- 
ash feldspar called valencianite from Mexico. It indicates 1-2 per 
cent of Na 2 0' (in the analysis made by Plattner only the potash 
is mentioned). 

3. The yellow coloration is stronger. Observable in the by- 
townite, found in the gabbro of Volpersdorf (Silesia), 2-4 per 
cent, Na 2 0. 

4. The yellow coloration is intense. Shown by the potash feld- 
spar called microcline from Fredericksvarn. 4-8 per cent, Na 2 0. 
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5. The most intense yellow flame, oligoelase, St. Gothard, 
8-1 6 per cent, Na 2 0. 

The red coloration produced by potash is very weak when the 
feldspar is exposed to the high temperatures by itself, and becomes 
visible only in such feldspars which contain more than four per cent 
of it. Now all soda and lime feldspars contain less than four per 
cent K 2 ; therefore, if a red coloration is visible in the first two 
experiments, the feldspar is a potash feldspar of a greater or less 
percentage, and accordingly I discern three degrees. 

1. Scarcely visible, doubtful. Loxoclase, Hammond, 4-10 per 
cent, K 2 0. 

2. Distinctly visible. Sanidin, Perienhardt, Rhine, 10-13 per 
cent, K 2 0. 

3. Very distinctly visible. Adularia, St. Gothard ; leucite ; 
13-20 per cent, K 2 0. 

In order to be quite certain as to the potash, a third experiment 
is made, by adding gypsum to the feldspar, by which the alkalies 
are converted into sulphates, and thus rendered volatile in such a 
manner that even a very small part of one per cent becomes very 
distinctly observable. As regards the sodium, the five degrees 
remain the same as in the first two experiments, but for the potash 
four degrees can be discerned, of which the first two relate to the 
plagioclase, the last two to the orthoclase. 

1. Very weak and visible only for some seconds. Anorthite of 
Monte Somma, 0-1 per cent, K 2 0. 

2. Weak but very distinct and lasts for two minutes. Andes- 
ine from the trachyte of Deva (Transylvania), 1-4 per cent, K 2 0. 

3. Strong red flame, clearly visible for two minutes. Sanidin 
of Perienhardt (Rhine), 4-13 per cent, K 2 0. 

4. The red flame is very strong and permanent for more than 
two minutes. Adularia of St. Gothard, or leucite of Albano, 
13-22 per cent, K 2 0. 

Fusibility and the quality of the fused matter. 

It has been mentioned that the degree of fusibility, as regards 
the feldspars, varies from zero to five degrees ; but besides this 
character, there is a remarkable difference in the quality of the 
fused matter. In all cases, when a feldspar is fusible, it assumes 
this state slowly without intumescence ; if this phenomenon is ob- 
servable, for instance as is the case in many zeolites, the sub- 
stance is not a feldspar. 
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The fused matter may be a pellucid or transparent glass, or an 
opaque enamel. The glass may contain bubbles or not ; the en- 
amel is sometimes gray, sometimes white and may contain bubbles. 
The bubbles are situated for the most part inside, and the surface 
of the globule is smooth, but many of the potash feldspars exhibit 
the peculiar property of having also outside bubbles ; this is the 
case especially with the orthoclases of granites and other old rocks, 
while the glassy potash feldspars never show this character. When- 
ever the microscope gives us notice of the presence of microcline, 
the outside bubbles are never wanting. 

# 

Practical course of the determination. 

The Bunsen burner, and two holders on each side of it to the 
right and left, are placed on a thick piece of glass, in order to 
secure a smooth motion. Two feldspars may be determined at once, 
or one feldspar, and on the other holder may be put a typical feld- 
spar for comparison. If the grain will not adhere to the moistened 
ring 'of the platinum wire, the ring may be too large or too small 
for the size of the mineral fragment. Sometimes the platinum 
takes up no water ; in that case I place the grain on the ring by 
means of a finely pointed pencil, or any other non-elastic matter. 

The mineral fragment must be looked at with a Coddington lens 
in order to observe the slightest change in the consecutive experi- 
ments. 

There are three experiments to be made, the first two with the 
mineral alone, but introduced at different temperatures for one 
minute ; the third is made in the high temperature, but with addi- 
tion of gypsum, and exposing to this high temperature for two 
minutes. The results observed are inscribed in blank forms, which 
must have columns for every observable phenomenon, so that after 
the three experiments we get a group of characters, which enables 
us to give the name of the feldspar, supposing that it was in a 
normal condition, or at least not far from it. 

The next table shows the order of succession of the three ex- 
periments and their numerical results, not only for the ten series 
of feldspars, but also for some feldspathic minerals found in 
volcanic rocks, especially of newer date. At the end, two com- 
mon minerals, the amphibole and augite of one special locality in 
Hungary, are exhibited in their somewhat unusual behavior ; both 
those minerals being usually fusible 4-5. 
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Iii the first experiment, without the chimney, the mineral is in- 
troduced at the lower temperature (5 mm.) for one minute. The 
coloration caused by the sodium is estimated, and then immedi- 
ately the observation with the blue indigo-fluid is taken in order 
that it may be completed at the end of one minute. After this 
time the holders are removed and the grains observed with a lens 
in order to give a number to the degree of fusibility and to its 
quality. All results are noted in their respective columns on the 
form. 

Second experiment. The chimney is put on, the platinum wire 
is placed at such a height, that it may reach the region where the 
highest temperature is obtainable. All the observations are the 
same as in the first experiment, except that for the degree of fusi- 
bility as well as for its quality which is now conclusive. 

Tliird Experiment. The same grain is exposed to the same 
temperature again, but after having been moistened with distilled 
water, and brought in contact with powdered gypsum, in order to 
cover it with it on all sides, and in that state it is introduced into 
the flame for two minutes. Now only the degrees for sodium 
and potash are noted. 

General remarks for the three kinds of feldspars. For the potash 
feldspars the presence of this protoxide element in a higher per- 
centage is the most essential character, and this is determined by 
the first two experiments, the potash feldspars showing alone the 
red flame and none of the plagiociastic, soda, or lime feldspars. 
The first experiment will therefore determine whether the feldspar 
is an orthoclase or a plagioclase. 

The potash feldspars are not acted upon by concentrated hydro- 
chloric acid ; there is only a very small quantity of sodium extracted, 
so that the solution introduced into the flame produces a feeble 
yellow tint. 

For the soda feldspars the great quantity of sodium is character- 
istic, and visible at the very moment when the mineral is introduced 
into the flame. At the same time the red flame must be absent. 
In the third experiment even the small quantity of potash con- 
tained in the soda feldspars becomes visible. The oligoclases 
contain always more or less potash, but among the albites there 
also occur specimens without potash. 

The oligoclase is very commonly found together with the orth- 
oclase in the same rock, and I have observed that whenever 
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the brthoclase is poor in potash (loxoclase) the oligoclase contains 
also very little of it ; but with the amazonite or perthite a variety 
of oligoclase is always associated, in which the percentage of 
potash is correspondingly higher. 

The soda feldspars are not acted upon by concentrated hydro- 
chloric acid ; the solution gives only a slight yellow coloration to 
the flame. 

The lime feldspars are characterized by the gradual intensity of the 
yellow flame, the absence of the red flame, and by the lower degree 
of their fusibility. The degree of fusibility was not an essential 
character of the potash and soda feldspars, but it becomes very 
important in the case of the lime feldspars, the four series being, 
according to their increasing basicity, less and less possible. 

The degree of fusibility for the andesine is 5-3 

" " " " " " labradorite " 3-2 

" " " " " " bytownite " 2-1 

" " " « " " * anorthite " 1-0 

The quality of the fused material shows also some slight pecu- 
liarities. The anorthite is not fusible, or fusible only at the points, 
the fused part is glassy, and contains no bubbles ; the bytownite is 
similar in behavior but with a somewhat more advanced degree of 
fusibility ; the fused labradorite is in most cases a whitish or grayish 
enamel, not unlike to some chalcedony ; the andesine shows this 
character only in the first experiment, but in the second it gives 
a transparent or a limpid globule with bubbles inside, like the' 
oligoclase. 

It must be remembered, that while for the highest and lowest 
degrees of fusibility the size of the grain has no essential influence, 
if we take a fragment of quartz only the tenth part of the size 
required by the method, it will show the infusibility in the same 
manner, and on the contrary, if we take of borax ten times as 
much, it will melt nearly as easily as the standard size ; but it is 
quite different with the middle and neighboring degrees. If the 
grain of labradorite is somewhat smaller, it shows the fusibility 
of andesine ; in that case the experiment must be repeated with a 
somewhat larger fragment : if it fuses, it is andesine, if not wholly 
fusible, it is labradorite. 
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The concentrated hydrochloric acid exerts very little action when 
left in contact with the andesine, but the labradorite is partly de- 
composed, the bytownite still more, and much more the anorthite, 
the protoxide elements being accordingly converted into chlorides, 
which are very effective in coloring the flame. 

Hie flame experiments with the hydrochloric solution. 

The application of this well known principle is carried on in the 
following manner : I put in a short glass tube (height about 2 cm., 
diameter 5-6 mm.) some fine fragments of the mineral, and add only 
as much of the concentrated hydrochloric acid, as is required to cover 
it completely. The glass tube covered with wax is left for twenty- 
four hours ; on the next day, at the same hour, I take out a drop by 
plunging in a thick platinum wire (like horse hair), which euds in 
double spiral rings. While the thin platinum wire, which we have 
employed for the flame reactions with the solid matter, would 
produce an instantaneous phenomenon, of which, I dare say, no 
use could be made, the platinum wire of the thickness mentioned 
will separate the chlorides according to their volatility. I intro- 
duce the drop into the base of the flame on the front side, and the 
following phenomena are to be observed. The first is the yellowish 
red coloration caused by the calcium chloride, but mixed with the 
yellow of sodium. To be certain that lime is present even in 
small quantities, I use a direct-vision spectroscope which shows 
the red and orange line very distinctly even for a trace of calcium. 
At the next moment the great bulk of the yellow coloration makes 
its appearance, and when arrived at its culmination, the red flame 
of the potash chloride may be observed through the indigo solution. 
The last of the usual colorations is that caused by lithium, visible 
through the spectroscope. 

The degrees are marked about in the same manner as for the 
experiments in the dry way (see the table). 

The platinum wire must of course be tried first alone for the 
coloration of the flame, and then moistened with the same acid, 
which is used for the decomposition of the mineral powder. 

On the accompanying table we find the leucite as another potash 
mineral, having similar characters as the adularia in the dry 
experiments ; but if we consider the flame reaction of the hydro- 
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chloric solution, then the great difference between the two will be 
evident. The same is the case with nepheline, nosite, sodalite 
or soda minerals ; we find in the columns of the hydrochloric 
solution the greatest quantity of sodium, together with a high 
degree of potash, while the soda feldspars color with their hydro- 
chloric solution the flame for soda very feebly, and for potash not 
at all. 

For finding the calcium in such compounds, which are not acted 
upon by hydrochloric acid, for instance to make a distinction 
between oligoclase and andesine, I make use of the microchemical 
method of Boricky, by attacking the feldspar by hydrosiiicofluoric 
acid, which shows the peculiar forms of calcium-silico fluoride 
in the andesine in larger quantity, and very little or none in the 
evaporated drop of the oligoclase solution. 

Concluding remarks. 

The method of determining the feldspars can be employed 
also for other classes of minerals with equally good results, 
but of course the alkalies giving the coloration, for minerals 
not containing alkalies, the result will be only the determi- 
nation of fusibility. For the zeolites it gives some groups not 
only according to their volatile constituents coloring the flame, but 
also for the quality of the fused material, some being fusible with 
intumescence, some without it. It is very important also for the 
great class of the bisilicates (anphibole, augite, diallage, hypers- 
thenite, enstatite, etc.), and it shows that some of them contain 
in more cases potash or sodium, or both of them, than has hitherto 
been supposed. There is a peculiar class of silicates however, the 
micaceous minerals, for which the result in respect of the quanti- 
tative indications is not the same as for the feldspars. The color- 
ation caused by the potash never corresponds with its percentage, 
it is always less. For this class of minerals I make use of the 
method of Boricky. 

The results obtained for the feldspars will give preliminary 
indications for their chemical analysis, knowing approximately the 
limits for the sodium and potassium ; the limits for the other ele- 
ments are given too. But its great importance in the lithological 
study of the crystalline rocks may be inferred by the fact, that it 
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is the unanimous conviction with petrographers, that every kind of 
a rock mass can be best determined by the mineral association 
found in it, and of all minerals it is the kind of feldspar which is 
the most important. There was a time, when we have been con- 
tented to say feldspar generally ; then came a time when we said 
orthoclase and plagioclase, but now we know that this is not 
enough ; we must discern among the plagioclases according to 
their basicity at least an oligoclase-andesine, a labradorite and a 
bytownite-anorthite. When we take a. certain cycle of a well defined 
eruption, for instance, the eruption of the trachytic family, we find a 
correlative between the feldspar and the relative age : the trachyte 
with orthoclase-oligoclase, having the most acid constitution, was 
the first product of eruption, and the trachyte containing bytownite- 
anorthite and correspondingly having the most basic constitution, 
was the product of the last eruption, while the labradorite-trachytes 
are to be found between these two extremes. And that is the 
case for the cycles of other eruptions too, as far as some instances 
indicate it. 

In the normal state of a rock it is the whole mineral association 
which must be taken into consideration, but in many cases the 
dark colored minerals are entirely changed, and only the feldspar 
to be found chemically in its normal state; then the determi- 
nation of the feldspar is the only possible way of saying some- 
thing of the lithological and chronological character of the rock 
in question, and the flame experiments furnish us with the result 
required in a short time and with sufficient exactness for the pur- 
pose aimed at. 1 

1 Eine neue Methode die Feldspathe nuch in Gesteinen zu bestimnien, Ton Dr. J. 
Szabd. Budapest, 1876. Berlin, Friedlander. 

Elemente einer neuen cheniiscb mikroskopischen Mineral and Gesteinsanalyse, yon 
Dr. E. Boricky. Prag, 1877. 
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Application of Organic Acids to the Examination of Min- 
erals. Third Paper. By H. Carrington Bolton, of 
Hartford, Conn. 

37. In the two papers previously published under the same title 1 
we have shown that citric acid has a power of decomposing min- 
erals little less than that possessed by hydrochloric acid, and that 
the organic acid can be advantageously employed in field-work for 
assistance in determining species. In the second of these papers 
we stated that the results obtained by the prolonged action of citric 
acid on minerals differed greatly from those recorded in the ac- 
companying tables, and gave notice of our intention to return to 
the subject at a subsequent period. We have continued our re- 
searches and gained a few additional facts which we deem of suffi- 
cient interest to warrant a third or supplementary paper on the 
subject. 

The results given in the tables (here reproduced for convenience) 
were obtained by acting on the minerals in fine powder : first, in the 
cold for a few hours, and secondly, at a boiling heat for a few min- 
utes. We find, however, that many species which resist the brief ac- 
tion of a boiling concentrated solution of citric acid are more or less 
completely decomposed by prolonged contact with the same solu- 
tion at the ordinary temperature of the work-room, say 60° to 70° 
Fahr. But a small number of the two hundred minerals embraced 
in the tables were submitted to the prolonged action of the acid 
solution, and those tested were selected as representative of groups, 

■ 

sulphides, oxides, silicates, etc. The progress of decomposition 
was noted at various periods from a few days to more than two 
years. A solution of citric acid concentrated in the cold was used 
in all the experiments. 

38. Sulphides. Chalcocite showed signs of decomposition at 
the end of ten days, and at the expiration of several months 
yielded a partial solution of a pure green color. 

Ullmannite showed signs of decomposing in two days, and af- 
forded in a month a very dark colored solution. 

Arsenopyrite was attacked in a few days. Pyrite showed de- 
cided evidence of decomposition in eight days ; one month later 
the solution acquired a reddish yellow color and reacted for iron 
and sulphuric acid. 

* Annals N. Y. Acad. Sciences. Vol. I, p. 1, 1877, and Vol. II, p. 1, 1880. 
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Chalcopyrite acts similarly, the solution being of a greenish 
yellow hue and reacting for copper and sulphuric acid. One 
gramme of the mineral lost about eleven per cent of its weight 
after fourteen months' contact with the acid solution. In general 
quantitative experiments were not conducted, for it soon became 
clear that the amount of decomposition was proportionate to the 
time and would require more attention than the results to be gained 
warranted. 

Smaltite was decidedly attacked after eight days — the presence 
of sulphuric acid in the colored solution was noted. Tetrahedrite 
was strongly attacked in about four months. Cinnabar, orpiinent, 
argentite and pyrargyrite resisted the acid solution altogether. 

39. Oxides. The experiments recorded in this brief supplement 
were made with only those minerals which resisted the acid solu- 
tion on boiling, and since it was obviously useless to test such 
bodies as quartz, corundum, rutile, etc., only the three oxides of 
iron remained of this class for examination. 

Magnetite and limonite were strongly attacked in eight days ; 
hematite yielded much more slowly, showing decided decomposi- 
tion after several months. 

Exposure to sunlight, as might be expected, diminished the 
intensity of the colored iron solutions. 

40. Silicates. Of the silicates examined datolite is by far the 
most quickly decomposed by the acid solution ; after twenty- four 
hours it yields gelatinous silica. Datolite should probably be 
transferred from column H of the tables to column D. 

Hornblende, pyroxene, almandite, epidote, vesuvianite and 
serpentine were decidedly decomposed in eight days ; after one 
month hornblende, almandite and epidote yielded colored solutions 
and slimy silica, and serpentine gave gelatinous silica. After 
fourteen months contact with the acid solution (occasionally 
agitated) the hornblende and pyroxene were very completely 
decomposed, the solutions having a dark brown color and full of 
floating silica. Actinolite seems to be less easily decomposed 
than common black hornblende. The serpentine after fourteen 
months yielded a dry gelatinous mass. 

The feldspars are very unequally attacked under similar condi- 
tions. Labradorite yields the easiest, decomposition being noticed 
after eight days and slimy silica forming in the course of some 
months. Orthoclase and oligoclase showed marked signs of decom- 
position after eight months, but albite is doubtful. Tourmaline 
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and staurolite yielded to the acid after four or five months, the 
latter forming a solution colored by iron and slimj' silica. Talc 
and kyanite appear to resist the action of citric acid. 

Muscovite and biotite yield very slowly, the latter showing signs 
of decomposition the sooner. After two years' subjection to the 
acid solution very minute scales of mica separate, and some slimy 
silica appears in the slightly colored liquid. 

41. We have detailed these simple observations somewhat 
minutely because we believe they have an important bearing on 
geological disintegration and erosion. At the Saratoga meeting 
of the A. A. A. S., my friend Dr. Alexis A. Julien presented an 
exhaustive summary and analysis of all known observations, 
concerning the geological action of the humus acids 2 ; in this 
paper he notes the negative character of the results I had obtained 
with a number of minerals, e. </., pyrite, augite, hornblende, the 
feldspars, micas, etc., and says: "but the nature and strength of 
the solvent employed, and the brief duration of each trial seem 
at present insufficient to justify generalizations, notwithstanding 
the suggestiveness of certain results." My subsequent observa- 
tions have confirmed his views. Generalization is still of doubtful 
alue, yet we are tempted to make the venture. In the following 
table we have arranged the chief rock-forming minerals, with a 

TABLE • 
SHOWING APPROXIMATE RELATIVE DISINTEGRATION OF ROCK-FORMING 
(AND ASSOCIATED) MINERALS BY CITRIC ACID IN SOLUTION. 



Quickly 


Slowly 


Very slowly 


Not 


decomposed. 


decomposed. 


decomposed. 


decomposed. 


Carbonates, 


Serpentine, 


Orthoelase, 


Quartz, 
Corundum, 


Phosphates, 


Pyroxene, 


Oligoclase, 


Prochlorite, 


Hornblende, 


Albite ( ?), 


Spinel, 


Chrysolite, 


Labfadorite, 


Biotite, 


Beryl* 


Nephelite. 


GarneV- 


Muscovite, 


Fluorite, , 




Epidote, 


Tourmaline, 


Barite, 




Vesuvianite, 


Staurolite, 


Talc ( ?), 




Pvrfte, 


Hematite. 


Kyanite ( ?). 




Limonite, 








Magnetite, 








Gypsum ( ?). 







few of their associates, under four heads indicating their relative 
disintegration by citric acid ; the position of each mineral is of 
course only approximate, and it is not intended to indicate that all 
the species in one column are equal in degree of their decomposi- 
tion. The . application of this table to the consideration of 

* Proceedings Am. Assoc. Adv. Scl., Saratoga Meeting, Vol. 28, p. 311, 1879, 
A. A. A. S. f VOL. XXXI. 18 
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geological phenomena is a subject which I do not venture to discuss ; 

if we have a right to assume that the disintegrating effect of the 

acids of humus differs from that of the other organic acids in 

degree rather than in kind, the Table ma}' prove a small contribution 

to chemical geology. 

TABLE S 
SHOWING THE BEHAVIOR OF CERTAIN MINERALS WITH CITRIC ACID, 

ALONE AND WITH REAGENTS. 



I. 
Decomposed (in fine powder) bt a saturated solution of Citric Acid. 

1. in the cold. 



A. 


B. 


C. 


D. 


Without evolution 


With liberation 


With liberation 


With separation 


of gat. 


of CO r 


of H t S. 


of Si t . 


Clausthalite, 


Calcite, ! 


Stibnite, 


Wollastonite, 


Leucopyrite, 


Dolomite,* 


Galen ite, 


Rhodonite,! 


Ataeamite, 


Gurhoiite, ! 


Alabandite, I 


Chrysolite, 
Willemite,!* 


Brucite, 


Ankerita,* 


Sphalerite, 


Gum mite, 


Khodoehrosite,* 


Pyrrhotite. 


Nephelite, 


Pyromorphite,* 


Smithsnnite,* 




Lapis lazuli, 


Mimetite, 


Aragonite, ! 




Chondrodite, 


Triphvlite, 


Witherite, ! 




Pectolite,!J 


Triplite, 


Strontianite, ! 




Laumontite, ( X 


Vivianite, ! 


Barytocalcite, ! 




Chrysocolla, ! 


Libethenite, ! 


Cerus6ite, ( 


• 


Calamine. 1 1 


Olivenite,! 


Malachite,! 




Apophyllite, 


Pseudomalachite, 


Azurite.* 




Tbomsonite, I 


Wavellite, 






Natrolite,! J 


Pharmacosiderite, ! 






Mesolite,! 


Torbernite, 






Analcite, 


Autunite, 






Chabazite, 


Ulexite, 1 






Herschelite, X 


Cryptomorphite, ! 






Stilbite, 


Anglesite. 






Deweylite, 


Brochautite. ! 






Prochlorite. 



2. ON BOILING. 



E. 


F. 


G. 


H. 


Without evolution 


With liberation 


With liberation 


With separation 


of gat. 


of C0 2 . 


of B t S. 


of SiO r 


9 

Cuprite, ! 


Hausmannite,f 


Born ite, 


Tephroite,$ 


Zincite, 


Pyrolusite, If 


Jameson ite,* 


Ilvaite, 


Melaconite, 


Manganite,t 


Bournonite,* 


Phlogopite,* 


Gocthito,* 


Psilomelane, !t 


Bonlangerite, 


Datolite.tt 


Xiimonite,* 


Wad, If 


Kermesite. 


Prehnite,* 


Allanite, ( ?) 


Magnesite, ! 




Heulandite, 


Apatite,* 


Siderite. ! 




Serpentine, 


Wolframite,* 






Chrysotile, 


Wulfenite, 






Retinal ite, 


Crocoite, 






Bastite, 


Gypsum.* 






Genthite, 

Gieseckite,* 

Jefferisite, 

Masonite.* 


and 


and 


and 


and 


those in A. 


those in B. 


those in C. 


those in D. 
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ii. 
Decomposed bt a boiling solution of Citric Acid mixed 



I. with Sodium Nitrate. 


K. with Potassium Iodide. 


Silver, 


Cobaltite, ! 


Realgar,* 


Olivine. 


Mercury, 


Ullmannite, ! 


Orpiment,* 


Almandite, 


Copper, 


M area site, t 


Cinnabar, 1 


Pyrope, 


Arsenic, 


Arseno pyrite, ! 


Hematite,* 


Colophon ite, 


Antimony, 


Nagyaeite, 


Menaccanite,* 


Epidote. 


Bismuth, 


Co veil ite, I 


Washingtonite,* 




Sulphur,* 


Berthierite, I 


Magnetite,* 


and most of 


Bismuthinite, 


Pyrargyrite, 


Franklin ite, 


those in 


Domeykite, ! 


Tetrahedrite, 1 


Braunite, 


A % B t C t D, E, F, 


Argent ite, 


Tennantite, 1 


En6tatite, 


Hessite, 


Stephanite, 


Hypersthene, 


G, J7, and I, 


Chalcocite, I 


Polybasite, 1 


Augite, 




Tiemannite, ! 


Enargite, ! 


Spodumene,* 




Millerite, ! 


Uraninite, I 


Hornblende,* 




Niccolite, 1 


Hiibnerite. 


Actinolite,* 




Pyrite, ! 
Chalcopyrite, I 




Pargasite,* 




and those in 






liinnaeite, 


C and G. 






Smaltite, ! 









III. 

L. Minerals not decomposed bt the above Reagents. 



Graphite, 


Iolite, 


Talc, 


Labrndorite, 


Molybdenite, 


Biotite, 


Kaolin, 


Oligoclase, 


Proustite, 


Muscovite, 


Ripidolite, 


Albite, 


Fluorite, 


Lepidolite, 


Columbite, 


Orthoclase, 


Cryolite, 


Wernerite, 


Samarskite, 


Tourmaline, 


Corundum, 


Leucite, 


Spinel, 


Scheelite, 


Diopaide, 


Andalusite, 


Chromite, 


Barite, 


Petalite, 


Fibrolite, 


Chrysoberyl, 


Celestite, 


Asbe8tus, 


Kyanite, 


Caesiterite, 


Anhydrite. 


Beryl, 


Topaz, 


Rutile, 




Zircon, 


Titanite, 


Quartz, 
Hyalite, 


(Two hundred 


Vesuvianite, 


Staurolite, 


species.) 


Zoisite, 


Bowenite, 


Anorthite, 





N. B.— The gases evolved are examined with acetate of lead test paper, the solu- 
tions with appropriate reagents. 

The kind and degree of action are indicated in the above Tables by the following 
signs :— 

I Completely decomposed or dissolved. 

* Feebly attacked. 

f The CO, evolved is derived from the Citric Acid. 

% Gelatinizes. 
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Carbon Dioxide as a Constituent op the Atmosphere. By 

Ernest H. Cook, of Newton Villa, Southville, Bristol, Eng- 

land. 

[abstract]. 

Although occurring in such a relatively small amount in the 
atmosphere, this substance has taken a leading part in effecting 
geological changes and in building up strata of immense thickness. 
We are apt to underrate its influence. When it is remembered 
that were it not for its presence in the atmosphere, no coal, very 
little limestone, probably no vegetable, and hence little animal 
life could exist, we at once see its importance. 

In the present communication the author calculates the absolute 
amount of dioxide existing in the atmosphere, notices the sources 
whence the supply is derived, the amount yielded by each", 
and the causes at work abstracting dioxide from the air. On 
many of these points our knowledge is so unsatisfactory and frag- 
mentary that the author hopes the attention of scientific men may 
be called to a subject of such importance to the geologist, meteo- 
rologist and chemist. 

Amount of Carbon Dioxide in the Atmosphere. 

Two things are necessary in order to determine this, viz. : the 
capacity of. the atmosphere and the percentage of C0 2 contained 
by it. Taking the lengths of the polar and equatorial diameters 
of the earth and of the height of the homogeneous atmosphere, it 
is easy to calculate the capacity of the atmosphere. This is found 
to be equal to 591,647,337 cubic miles, or 2,439,987,200,000 mill- 
ions of kilolitres. With regard to the average amount of dioxide 
contained in air, experimenters differ. The older chemists Dumas 
and Boussingault, Loewy and Saussure, have published results 
which yield a mean of 4 volumes in 10,000 of air, or 4£ parts in 
10,000 by weight. On the other hand, more recent experiments 
conducted by Thorpe, Fittbogen and Hasselbarth, Farsky, Reiset 
and others, indicate that 3 volumes in 10,000 of. air is the correct 
number. 

Assuming the first of these numbers to be the true one, we find 
that the amount of C0 2 in the atmosphere is very nearly 
1,913,686,000 millions of kilogrammes, while if we take the more 
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recent determinations, we find 1,435,265,000 millions of kilo- 
grammes. These numbers differ considerably from those previ- 
ously given. Thus Dumas and Boussingault say 1 that the air is 
equal in weight to 581,000 cubes of copper, each having a side of 
1 kilometre — a number which is 40 per cent higher than the greater 
of the two numbers stated above. Again Roscoe and Schor- 
lemmer 2 state that ** the amount of C0 2 in the atmosphere reaches 
to upwards of 3,000 billions of kilogrammes " which is again 33 
per cent above the same number. 

Sources whence the air derives its Carbon Dioxide. 

These may be grouped as follows : 

(1). Combination of carbonaceous bodies. 

(2). Respiration of animals. 

(3). Decomposition of animal and vegetable substances. 

(4). Volcanoes and other subterranean supplies. Under the 
first heading is included the amount produced by the burning of 
coal, wood, peat, etc. Taking the statistics which have recently 
been issued with regard to the amount of coal raised in the world, 
it will be found that for the last three years at least 280,000,000 
of tons have been raised annual^. Assuming 75 per cent of this 
consists of pure carbon, and allowing a further 10 per cent for 
the carbonaceous material thrown away with the ash, we leave 
182,000,000 of tons which are annually converted into carbon 
dioxide. Thus there is daily added to the atmosphere from 
this source 1,800,000,000 of kilogrammes of dioxide. By the 
combustion of wood, peat, oil, etc., we may assume one-third 
more to be added, thus making a total of 2,400,000,000 of kilo- 
grammes per day derived from the combustion of carbonaceous 
substances. 

In the case of the respiration of animals we can only form an 
approximate estimate. The population of the world is at present 
about 1,500,000,000, and experiment shows that an average indi- 
vidual produces about one kilogramme of C0 2 in a day of twenty, 
four hours. Thus the human race in respiring adds daily to the 
air 1,500,000,000 kilogrammes. From the lower animals we may 
consider twice this amount to be derived ; thus from the whole 

i Ann. Ch. Phye., iii, 257, 288. 

9 Treatise on Chemistry, Vol. I, p. 449. 
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animal kingdom about 4,500,000,000 of kilogrammes of dioxide 
are daily added to the atmosphere. 

The decomposition of vegetable and animal substances must 
obviously yield a large quantity of dioxide ; but practically noth- 
ing is known of the nature of the change or of the amount pro- 
duced. In order to fix our ideas we may assume that this 
source yields the same quantity as is yielded by man, viz. ; 
1,500,000,000 kilogrammes. 

The last source mentioned is by far the greatest. Not only do 
active volcanoes produce, but extinct and volcanic districts join 
in increasing the quantity. Considering the immense area cov- 
ered by these districts and the immense quantity of gas evolved, 
we must conclude that by far the greatest amount of atmospheric 
dioxide has been obtained from this source. In fact, Poggendorff 
calculated that ten times as much is produced by volcanoes as by 
all the other sources put together. Allowing for the amounts pre- 
viously given being larger than similar numbers used by Poggen- 
dorff, we may take it that 40,000,000,000 kilogrammes are daily 
given to the atmosphere from these subterranean sources. 

Finally, if we add together these various amounts, we find 
that the air is daily receiving an addition of about 50,000,000,000 
of kilogrammes of carbon dioxide. Dividing the absolute amount 
contained • in the whole atmosphere by this number, we find tJiat 
the amount of carbon dioxide in the atmosphere would be double 
what it is at present in about one hundred years if there were no 
means of compensation. Poggendorff, who made a similar esti- 
mate, gave three hundred eighty-six years as the time required to 
double the amount of C0 2 in the air. The difference is explained 
by the absolute amount of C0 2 being at that time considered 
greater than it really is, and also by the amount of carbonaceous 
matter burnt being greater now than in his time. 

The disagreeable nature of the reflections called up by this last 
calculation disappear, however, when we come to consider the 

Compensating Influences. 

The known causes at work removing the dioxide may be con- 
sidered under three heads, viz. : 

(1). Fixation of carbon by growing plants. 

(2). Removal of dioxide by zoophytes. 

(3). Absorption of dioxide by inorganic chemical actions. 
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The first cause here mentioned is one which is essential to veg- 
etable growth. In estimating its magnitude we are met by the 
want of reliable experimental data, making it almost impossible 
to arrive at any definite conclusion. 

Certain experiments have shown that speaking approximately, 
a square metre of leaf will decompose one litre of C0 3 per hour 
in sunlight. The area of the land capable of bearing vegetation 
amounts to 49,400,000 square miles. Assuming the area of leaf 
borne by this land to be 50 per cent of this amount, we find that 
about 63,726,000,000,000 of square metres of leaf are hourly en- 
gaged in purifying the atmosphere. This decomposing effect will 
go on for about ten hours out of every twenty-four, but will be 
less active in the autumn and winter months than in spring and 
summer. 

Taking all things into consideration (allowing 25 per cent for 
diminution in winter) we find that vegetation daily decomposes 
about 478,000,000,000 of kilolitres of C0 2 , or about 900,000,- 
000,000 of kilogrammes, an amount which is much greater than 
the amount produced from all sources. The magnitude of the 
action exerted by plants is surprising, but it must be remembered 
that during darkness plants expire C0 2 . No account is taken of 
this action here, as no quantitative experiments seem to have been 
made upon it. The author thinks that this action goes on to a 
greater degree than is usually supposed. 

The second great action going on in nature is effected by the 
interposition of animal life. It consists in the removal from sea- 
water of the carbon dioxide held by it in solution, by certain low 
forms of animal life, such, for example, as the coral-builders and 
the foraminifera. (Certain other forms, such as brachiopoda and 
lamellibranchiata also fix C0 2 as calcic carbonate ; their effects 
are, however, comparatively insignificant.) The immense influ- 
ence exerted by these organisms is evident when we look at the 
vast masses of limestone occurring in geological formations of all 
ages which have an exclusively organic origin. Nor is this in- 
fluence confined to the past. Recent deep-sea soundings have 
revealed the fact that foraminiferal life still flourishes in the 
depths of the ocean, while we know that coral-reefs are still being 
constructed in the warmer seas. In short, this cause must be con- 
sidered as the chief one which is active in removing dioxide, but 
want of data prevents our estimating its amount. 
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The third action going on in nature, effecting the purification of 
the air, is a purely inorganic one. Included under this head are 
such processes as the conversion of feldspar into kaolin, the decom- 
position of such silicates as hornblende, pyroxene, etc. The large 
deposits of kaolin and decomposed feldspar, which are met with in 
the earth, sufficiently prove the magnitude of this action. Thus 
" a weight of carbonic dioxide equal to more than twenty-one 
times that of our present atmosphere would be absorbed in the 
production from orthoclase of a layer of kaolin extending over the 
earth's surface with a thickness of 500 metres, an amount which 
evidently represents but a small proportion of the results of feld- 
spathic decay in the sedimentary strata of the globe." 3 Evidently 
then here we have a cause which has an important influence in 
effecting the removal of atmospheric carbon dioxide. It is impos- 
sible, however, to estimate its amount. 

General Conclusions. 

It is evident that if the compensating influences are just equal 
in total effect to the productive ones, the amount of carbonic di- 
oxide in the air remains constant, but an insufficiency of data pre- 
vents a definite answer being given to this. We know, however, 
that these processes have been going on for a very long time. In 
fact, there is already fixed in the earth an immense quantity of 
C0 2 equal to many hundreds of times the amount contained in the 
present atmosphere. This must have been derived from the at- 
mosphere, but it is not necessary to assume that it all formed 
part, at one time, of the atmosphere. It must, however, be evi- 
dent that at one time more CO a existed in the atmosphere than at 
present. 4 If this be so, the compensating influences must be more 
powerful than the producing ones, and the proportion of atmos- 
pheric dioxide must be diminishing. 

• Dr. T. Sterry Hunt. Chemical and Geological Relations of the Atmosphere, Amer- 
ican Journal of Science, May, 18S0. 

4 Unless we accept Dr. Hunt's theory that space is filled with an atmosphere similar 
to our own, and that CO, fixed in the earth at one time formed part of this universal 
atmosphere. 
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A simple Laboratory Device. By Ernest H. Cook, of New- 
ton Villa, Southville, Bristol, England. 

[ABSTRACT.] 

In this communication the author described an improvement, in 
water and air ovens which he has employed with advantage in his 
own laboratory. This consists in .applying the principle of the 
Bunsen water pump to these instruments. Thus instead of being 
closed boxes as is usually employed, a current of air is drawn 
through them and over the substance to be dried. With this simple 
addition, the time of drying is greatly reduced ; and without any 
alteration of apparatus, substances can be completely dried at a 
low heat, and in fact at the ordinary temperature, by simply 
increasing the rapidity of the current of air traversing the 
chamber. 

The same principle is sometimes usefully applied to small 
portable stink cupboards which stand upon the laboratory bench. 
The practical details are so simple and self-evident that a descrip- 
tion is unnecessary. 



The Action op Water at 100° C. on the $ phenyltribrom- 
propionic acid. By Leonard P. Kinnicutt and George 
M. Palmer, of Cambridge, Mass. 

|ABSTRACT.J 

The action of boiling water on the a phenyltribrompropionic 
acid has been described by one of us in the American Chemical 
Journal for April. Since that time the study of the $ acid has 
engaged our attention. 

This acid is obtained by the action of bromine on monobromcin- 
namic acid, and is a crystalline solid soluble in alcohol, ether, bi- 
sulphide of carbon and chloroform. Its melting point is 151° C. 
and not 48° C. as given by Glaser (Ann. 143, P. 339), nor does it 
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first separate out as an oil. The acid obtained by Glaser was evi- 
dently an impure substance. 

On boiling with water the acid is decomposed, a bibromstyrol, 
whose structure we have not as yet determined, and the a mono- 
bromcinnamic acid being formed ; also a small quantity of a new 
acid, very soluble in water, melting at 184°, which on analysis 
gave amounts of carbon, hydrogen, and bromine, corresponding 
very closely to what would be obtained if the substance was a 
phenylbibromlactic acid. 

The formation of the same a monobromcinnamic acid, from both 
the a and fi phenyltribrompropionic acid is not easily explained. 
It is probably caused by a change of position of the atoms within 
the molecule at the moment of its formation. 

We are at present engaged on a further study of the above re- 
action, together with the products formed by the action of chlorine 
on both the a and ft monobromcinnamic acids. Chemical Laboixir 
tory, Harvard University. 



The action op Baric Hydrate on Chlortribrompropionic Acid. 
By C. F. Mabery and Ralph Wilson, of Cambridge, Mass, 

[ABSTRACT.] 

In a previous paper by H. C. Weber and one of us, it was stated 
that chlortribrompropionic acid was decomposed when heated 
with baric hydrate. The products of this decomposition were not 
sufficiently studied to enable us to characterize them with any 
degree of accuracy, although the formation, to some extent, of 
tribromethylen was observed. In repeating these experiments 
we find that chlortribrompropionic acid, when heated with two 
molecules of baric hydrate in aqueous solution, is almost completely 
decomposed into baric bromide, carbonic dioxide and tribromethyl- 
en. The latter product was absorbed by bromine water, the ex- 
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cess of bromine allowed to evaporate and then crystallized from 
hot alcohol. 

The following analysis was made : 

0.1556 product gave 0.3657 grms. Ag Br-f- Ag CI, which corres- 
ponds to 93.30 per cent 4 Br-f- CI. Calculated for C 2 Br 4 CI H 
93.40 per cent. 

This substance melted at 33° and was probably identical with 
monochlortetrabromethan, melting point, obtained by Wallach and 
Bischof (Berlin Berichte, 1878-751) from the decomposition of 
dichloracrylic acid. Since monochloracetylen obtained in this re- 
action must have the constitution C H=C CI, the product obtained 
by us must have the hydrogen and chlorine atoms attached to 
adjacent carbon atoms. This would give for chlortribrompropionic 
acid the structure C CI Br 2 C H Br COOH, and for chlorbromacry- 
lic acid the structure C CI Br C H COOH, which H. B. Hill has 
already inferred from the relations of the two disubstitnted acry- 
lic acids. 



On Certain Substituted Acrylic and Propionic Acids. By 
C. F. Mabery, of Cambridge, Mass., and F. C. Robinson, of 
Brunswick, Me. 

[ABSTRACT.] 

By the action of bromine on the dibromacry lie acid first obtained 
by Fittig and Petri from dibromsuccinic acid, we have made a tet- 
rabrompropionic acid which differs essentially in its properties 
from the tetrabrompropionic acid obtained by H. B. Hill, and one 
of us (C. F. M.), from the dibromacrylic acid derived from muco- 
bromic. 

We have studied the salts of this acid sufficiently to characterize 
it. When heated with baric hydrate the acid is decomposed, tri- 
bromethylen being the chief product of its decomposition. By 
the action of alcoholic potash hydrobromic acid is eliminated with 
the formation of tribrom acrylic acid which melted at 117-118°. 

We have also tried the action of bromine monochloride upon 
brompropiolic acid. Although the investigation is not yet com- 
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pleted we have reason to believe that the elements of bromine 
monochloride are taken up with the formation of dibromchloracry- 
lic acid. ' 

Bromine monochloride was made by the action of chlorine 
upon bromine at 0° in a chloroform solution. 



On the Products op the Distillation op Wood at Low Tem- 
peratures. By C. F. Mab£rt, of Cambridge,- Mass. 

[AB8TBACT.] 

This paper contains a description of the results which I have 
obtained in an examination of the volatile products of the dry 
distillation of wood. I have isolated acetic aldehyde and identi- 
fied it by conversion into silver acetate which has been analyzed. 
Methyl formiate also was obtained in considerable quantity. It 
was saponified with plumbic hydrate and the plumbic formiate 
analyzed. I have found in the course of this investigation that 
methyl alcohol obtained by this process contains a much smaller 
per cent of aceton than is usually found in commercial wood spirit. 



Preliminary Notice op a New Organic Base. By Albert R. 
Leeds, of Hoboken, N. J. 

[▲B8TBACT.] 

When xylidine in alcoholic solution is treated with acrolein, 
the two bodies enter into combination to form acrolein-xylidine 
(its properties, analysis, etc., given), and water is eliminated. By 
sublimation, a limpid oil is obtained, which is cryptidine. 

Description of its properties, chemical relationships, and certain 
of its salts/ 
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Estimation of Dextrose in Solid Commercial Starch Sugar 
by loss of Rotatory Power on Solution. By Harvey W. 
Wiley and C. A. Crampton, of Lafayette, Ind. 

[ABSTRACT.] 

It is not generally recognized tbat the amorphous starch sugars 
of commerce have the same property of losing rotatory power on 
solution and heating as if in a^ crystalline state. This depends 
on their large content of dextrose;. The principle of determination 
used by the authors depends on the well known fact that a freshly 
prepared solution of dextrose has a rotatory power twice as great 
as after standing a few hours or heating to the boiling point for a 
few minutes. The authors show by tables of analysis that the 
dextrose can be determined in this way with reasonable satisfaction 
in all starch sugars made by high conversion. Sugars, however, 
which still have a large percentage of maltose and dextrine will 
not permit of their dextrose being determined in this way. This 
probably arises from the fact announced by Meisl that maltose 
solutions increase in rotatory power in the same circumstances in 
which dextrose solutions decrease. The authors exhibit curves 
showing the rate of fall in rotatory power of dextrose solutions. 



Direct Estimation of Dextrose, Dextrine and Maltose in 
Commercial Amylose (Starch Sugar). By Harvey W. 
Wiley, of Lafayette, Ind. 

[ABSTRACT.] 

The process is founded on a method of double reduction and 
polarization proposed by me at the Cincinnati meeting and since 
that time practically worked out. 

The specific rotatory power and percentage of reducing matter 
of the sample are first determined. In another portion of the 
sample the whole of the reducing matter is destroyed by a slight 
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excess of mercuric cyanide and the residue, after neutralization 
with hydrochloric acid repolarized in a tube two and a half times 
longer than the first and the number thus obtained multiplied by 
two. This gives the specific rotatory power due to dextrine alone, 
from which the percentage of dextrine present is easily calculated 
from formulae given in my paper at the Boston meeting. Having 
determined the dextrine, the maltose and dextrose are calculated 
from formulae given in the paper. 

The paper contains tables of analyses showing the results ob- 
tained by the direct method compared with those obtained by best 
approved methods heretofore known. 



On the Constitution of Benzole. By L. W. Andrews, of Brook- 
lyn, n. y. 

[AB8TBACT.] 

Claus maintains that Hiibner's benzole formula is the one which 
best accords with the known facts of isomerism in the aromatic 
series. 

This position is untenable, because the formula fails to explain 
the existence of three isomeric forms of bisubstitution products 
of benzole, unless on the basis of a method of interpretation which 
cannot consistently be carried out in all cases. Several consid- 
erations show that according to this formula the compound 1-2 
should be identical with 1-4. These points are mutually inter- 
changeable without rupture of the bonds or change in their distri- 
bution. 

This fact is an infallible criterion of the identity or non-identity 

of the bonds 1-2 and 1-4. A model is shown to render apparent 
to the eye the peculiarities and imperfections of the "spider web" 
formula of Hubner and Claus. 



tea analyses ; by w. ii. ellis. 287 

Some Tea Analyses, with Special Reference to the Determina- 
tion of Caffeine. By W. Hodgson Ellis, of Toronto, 

Canada. 

[abstract.] 

The variation in the percentage of caffeine in tea leaves, reported 
by various chemists, is considerable, a circumstance due to the va- 
rious methods of analysis. 

After a number of trials of different methods, I have adopted the 
following process which gives in my hands the best results and 
whteh I have now used for several years. 

1 . The powdered tea is exhausted with boiling water under an 
inverted condenser. 

2. The filtered solution is evaporated to dryness on the water 
bath with magnesia. 

3. The residue is exhausted with absolute alcohol, and the fil- 
tered solution mixed with sand and evaporated on the water bath. 

4. The residue is exhausted with hot distilled water and the 
solution again evaporated. 

5. The residue is taken up with ether and the ethereal solution 
evaporated in a tared beaker and weighed. 

By this method the caffeine is obtained colorless, and well crys- 
tallized. 

Commercial tea as met with in Canada yields by this process 
from 1.5 to 3.5 per cent of caffeine. 

In exhausted leaves, i. 6., leaves treated with boiling water, as in 
the ordinary method of making tea, the caffeine is nearly all re- 
moved, as in the following examples of three Japan teas and their 
exhausted leaves. 

12 3 

Exhausted Exhausted Exhausted 

Tea leaves. Tea leaves. Tea leaves. 

Caffeine 2.5 .6 2.4* .5 8.7 .9 

Ash 7.2 4.1 6.8 4.0 6.5 8.9 

Soluble ash.... 3.8 .8 8.5 .8 8.4 .7 

Silica .9 .8 .7 .8 .5 .7 

Extract 87.8 16.8 40.3 13.4 33.2 8.8 

■ • 

In the following analyses the caffeine was determined by this 
method ; and the extract, by boiling the powdered tea under an in- 
verted condenser with successive portions of water. The ash, 
soluble ash and silica were also determined in each case. 
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The above analyses may be summarized as follows : — 



phosphoric acid j by g. c. caldwell. 
35 Green Teas. 
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Pemberton's Method for the Volumetric Determination op 
Phosphoric Acid. By Prof. G. C. Caldwell, of Ithaca, 
N. Y. 

[ABSTRACT.] 

Mr. H. Pemberton has given 1 a method for the volumetric de- 
termination of phosphoric acid in fertilizers, by means of a standard 
solution of ammonium molybdate, which consists simply in adding 
this solution as long as a precipitate is produced, the final tests for 
further precipitation being made with small filtered portions of the 
solution under examination. The standard solution is prepared by 
dissolving 89.543 gms. of ordinary ammonium molybdate in 1000 
cc of water ; each cubic centimetre of such a solution precipitates 

1 Journal Franklin Institute, March, 1882, p. 184. 
A. A. A. 8., VOL. XXXI. 19 
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3 milligrammes of phosphoric anhydride. The solution of the 
phosphate, first freed from organic matter and silica, is finally 
made up with as small an excess of acid as possible, and just 
neutralized with ammonia; 2 cc. of strong nitric acid and 10 
gms. of ammonium nitrate are added, and the solution is heated to 
60 deg., or above, preparatory to the addition of the molybdate ; 
from the total quantity of standard solution required 0. 5 cc. is 
deducted for the excess necessary to neutralize the solvent action 
of the nitric acid. 

With two modifications of the details as described by Mr. Pem- 
berton, the process has satisfactorily sustained a careful trial in 
my laboratory. First, as to the preparation of the standard so- 
lution, the author found that the ordinary salt of the druggists was 
sufficiently pure to give the standard directly ; but in order to 
clear away the slight turbidity which it usually leaves he added a 
little ammonia ; it was however observed by Dr. S. B. Newbury, 
then analyst to the University experiment station, that in the case 
of the molybdate supplied to us, a notable degree of alkalinity 
was communicated to the solution by the necessary quantity of 
ammonia to clarify it ; consequently the acidity produced by the 
2 cc. of acid, added to the solution of the phosphate in the be- 
ginning, became so much reduced towards the end of the titration, 
that the results were unsatisfactory ; in some instances the solu- 
tion even became slightly alkaline before the precipitation was 
completed. Therefore, in order to secure perfect neutrality, the 
molybdate solution was filtered, after the addition of a few drops 
of ammonia at the most, and then standardized by a solution of 
phosphorus salt of known strength. 

The second modification refers to the method of taking out the 
test portions to be tested for complete precipitation ; even when 
this is done as described by the author, this method of determining 
phosphoric acid is unquestionably more expeditious than the usual 
gravimetric method with molybdate and magnesia mixture ; but the 
necessity of filtering out each of these test portions in the ordi- 
nary manner through a filter is objectionable, and might deter 
many from using the method. For this filtration I used with great 
success a small suction filter, somewhat after Carmi chad's idea, 
which could be plunged directly into the liquid, and through which 
a small portion of the same could be drawn at once into a small 
test tube in which the test for further precipitation was made. 
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The results of our trial of the method are set forth in the fol- 
lowing table : three of the sets of determinations were made by 
three experienced chemists with solutions prepared by one of the 
number, each one being entirely ignorant of the results obtained 
by the others; the fourth set was obtained by another chemist 
with solutions of molybdate prepared and standardized by him- 
self, and with his own solutions of the same phosphates that were 
examined by the others. 
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OP PHOS- 
PHATE. 


I 
Gravimetric. 


Volumetric. 


II 

Volumetric. 


III 
Volumetric. 


IV 

Volumetric. 
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13.14 
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13.13 
13.18 
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13.12 


259 


12.47 
12.41 


12.83 
12.83 


12.39 


12.44 
12.45 
12.47 

9.20 


12.34 


261 


9.15 


9.26 


9.08 


9.05 


9.34 




9.21 


9.26 




8.97 
8.97 


9.37 


272 


13.69 


13.57 


13.75 


13.82 






13.82 


13.63 
13.57 
13.69 
13.63 


» 


13.81 
13.72 





From these results it appears that the method is capable of great 
accuracy, but, as in the case of No. 261, is liable to some source of 
error, which makes great care necessary in the preparation of the 
solution of the phosphate, according to the directions given by 
the author. 
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Members of the Section op Mechanical Science : — 

When we look upon mechanical science as an abstract science, 
having for its foundation only a few simple axioms, dynamical 
laws, and geometrical theorems, and divest it of many of its com- 
plicated mathematical applications, we can hardly help regarding 
the science as complete. 

The controversies and discussions which marked its growth, 
and which for centuries absorbed the attention of the scientific 
world, have ceased, and there is left to the present generation a 
clear, well defined science treating of the forces of nature and 
the movements which they produce, or are capable of producing, 
in the ordinary phenomena of force and motion. 

Even the last great extension of this science in the development 
of the true theory of heat, which in its conception and importance 
was but a fit culmination of the labors of a long line of illustrious 
men, has now become universally accepted in all its significant 
/ features ; and although some of the men are now living who were 
chiefly instrumental in establishing the purely mechanical nature 
of heat, and in bringing all its manifestations into harmony with 
mechanical laws, yet this result seems now to have been only the 
realization of anticipations long looked for, and long before 
predicted. 

No such anticipations now lie before us to excite the zeal of 
the investigator. There are now no such controversies or oppor- 
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tunities for discovery to stimulate analytical investigation as 
marked the last and the preceding centuries. Whatever may be 
the nomenclature chosen, the forms used, or the classification of 
subjects, there is no longer any contention regarding the theorems 
established by Benedetti, Descartes, Leibnitz, Newton, D'Alembert, 
Bernoulli, and others ; and more recently in our own generation, 
by Clausius, Rankine, Helmholz, and Sir William Thomson. 

But while we inherit in all its completeness a science so com- 
prehensive and exact, in its generalizations, as to embrace the 
movements of the bodies of the solar system on the one hand, and 
the infinitesimal motions of the molecules of bodies, producing 
the phenomena of heat, on the other, there is still an unlimited 
field open for experimental research. 

As far as mechanical science is concerned it may be said that 
we live in an era of applied science^ — an epoch which has already 
produced astounding and unexpected results, modifying and chang- 
ing all the relations of civilized life. 

Concerning abstract principles, no kind of knowledge is more 
widely diffused or universally accepted than that which relates to 
the subject we are considering. We live and move through the 
medium of appliances which are but the exemplifications of well 
known mechanical principles ; and with the firm foundations of an 
exact science to build upon, there is an increasing activity of 
thought and action, directed, not to the discovery of new principles, 
but towards new methods, new applications, greater mechanical 
achievements. 

To employ the language of mechanics, there exists at the present 
time an immense momentum of intellectual force, in this respect, 
which must either be properly directed to overcoming obstacles in 
the way of progress, or dissipated in costly failures. 

Speculations as to what may be the results of this stored up 
mental energy, in future developments of the mechanic arts, are 
unprofitable ; but well-directed efforts towards the determination 
of new applications, or the experimental verification of inductive 
demonstrations, are seldom without interest ; and the more thor- 
ough and complete such investigations are made, the greater will 
be their subsequent value. 

There is a wide range of applications of mechanical science to 
engineering, and in the arts, for which such experimental researches 
are now demanded. 
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The recent united appeal of the three principal engineering 
societies of this country, urging the continuance of appropriations 
by the United States Government for experiments on the strength 
and properties of the materials used in engineering structures, is 
evidence of the want that is felt of a better knowledge of this 
particular subject. 

Among the forces of nature with which we have to deal, there is 
one class of which the laws have not been subjected to exact 
determination. 

Whatever may be the nature of the forces of gravity and inertia, 
the laws governing their action are definitely determined ; but of 
the molecular forces which resist the disruption of materials, and 
which govern their action under the influence of external forces, 
but little is definitely known ; all that is known has been derived 
from special experiments on specific forms and qualities of 
materials, which, from the very nature of these materials, are not 
3 r et sufficient for general or universal applications. And when it 
is considered that not only the cost, but the absolute safety, of all 
engineering structures depends upon this uncertain knowledge, 
the importance of the question becomes evident. So little has 
been done in this country in many branches of this subject that 
reliance is placed almost wholly on the results of investigations 
made abroad — investigations which were never entirely applicable 
to the material found here ; and which, on account of the rapid 
changes in the arts of manufacture and fabrication, have become 
to a certain extent obsolete, or of very uncertain value. 

In relation to metallic products, it may be said that a new field 
of technical inquiry has sprung up, lying between the science of 
metallurgy and the profession of engineering. 

It can hardly be said that the metallurgist is required to answer 
all questions relating to the properties of the metals in the forms 
in which they reach the engineer. These properties are determined 
or modified greatly by the processes of fabrication required to 
transform the raw materials into the shapes in which they are used. 
It does not belong to the metallurgist to trace these materials 
through all the transmutations which they may undergo before 
being put to use. The very conditions of use often require special 
treatment, and do certainly enter largely into the inquiries which 
must be instituted to prove their fitness for special purposes. On 
the other hand the engineer has not usually the appliances nor the 
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opportunities, for fully testing the materials he employs. Time, 
money, and apparatus are necessary, neither of which can usually 
be spared from his ordinary professional engagements. 

For the action of the ordinary materials used in this country 
reference can only be had to the results of researches by private 
individuals made on a limited scale, or to more general and syste- 
matic, but less applicable, results of experiments instituted by 
foreign governments. 

It is not to be expected that any system of experiments, how- 
ever carefully conducted, on the properties of the metals, will cover 
every special case, but there are standard products, and standard 
processes of fabrication, for which exact determinations of absolute 
strength, ductility, elastic limits, and other properties, under given 
conditions of use, may be ascertained. 

The rapid changes which are taking place in the production of 
iron and steel, especially, render such investigations on a scale 
commensurate with the importance of their useful applications a 
matter of the highest interest. 

It is becoming, in fact, a reproach to our country, that for such 
investigations, which, on account of the magnitude of the work to 
be accomplished, can only be undertaken at public expense, so 
little has been accomplished here. Our engineers are often obliged 
to refer to experiments made nearly half a century ago for the 
numerical data necessary for designing the most simple structures. 

The names of Hodgkinson and Fairbairn will always be men- 
tioned with veneration, and held in honor, as men whose experi- 
mental researches have for more than a quarter of a century 
formed the groundwork of our structures in iron. But even the 
youngest engineers become restless under the necessity of constant 
reference to results which they recognize as belonging to the past 
and as not wholly applicable to the present. Much useful 
knowledge has been, from time to time, contributed by our own 
engineers on this subject, but with some exceptions their results 
have been generally limited in their range of applications, and 
not sufficiently comprehensive to become of universal use, on 
account of want of time and means for prosecuting extended 
investigations. 

It is often argued that it is essential for an engineer to make 
special tests of the materials he employs in the construction of all 
important works. While this is undeniably true to a certain 
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extent, it is also true that an engineer cannot design a structure 
without assuming certain data, among which, and the most impor- 
tant of which, are the properties of the materials he proposes to 
use. 

Truly scientific construction demands that all the parts of a 
structure shall be in harraonj r , in weight and strength, with the 
external forces which act upon them, under the conditions of use 
to which they are subject ; whether such a structure be a machine, 
a bridge, or a public building, the designer must base his construction 
on these truths, and the want of correct data in any element of 
the design must entail either loss or damage. 

The influence of experimental research in building up the science 
of pure, or abstract, mechanics shows the impossibility of progress 
without direct reference of probable laws to the test of experiment. 

The dynamic theory of heat remained a speculative question 
until a few simple and decisive experiments settled all controversies, 
and opened the way for Rankine and Clausius to develop the new 
and before unknown science of Thermo-dynamics. We find La 
Place enunciating this theory in specific terms, and in language 
identical with that now employed, when merely stating the opposite 
views of heat entertained in his day ; the great mathematician 
himself upholding until his death the material theory — a theory 
which is now mentioned only to illustrate, what seems to us in the 
light of later developments, almost unaccountable ignorance on the 
part of some of the most learned scientists of the past age. It is 
true that years of controversy and discussion finally prepared the 
minds of scientific men for the acceptance of the dynamic theoiy ; 
but, nevertheless, it required the experiments of Joule to furnish 
the proof of the theory by showing the absolute identity of heat 
phenomena, of the most simple kind, with those of ordinary 
mechanics. And when, finally, through the experiments of Regnault 
on the specific heats of gases, means were afforded for an indepen- 
• dent determination of the mechanical equivalent of a unit of heat, 
controversy and discussion ceased. These two independent deter- 
minations, one by direct experiments and the other through analysis 
employing the specific heat of air as finally determined by Regnault, 
were indisputably, when taken together, and especially in view of 
the importance of the results, the most interesting and important 
instances of the value of experiments in establishing exact theories 
in the whole history of science. 
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The student of mechanics of to-day may not see before him the 
prospect of brilliant discoveries of new principles, but by patient 
and faithful labor in the field of experimental investigation, there 
are still opportunities of adding to mechanical science a knowledge 
of truths which may have a lasting and beneficial influence in 
prompting the applications of this science to the Arts and 
Industries. 

I need but refer in this connection to that other series of experi- 
ments of Regnault on the elastic force and temperature of vapors, 
as one of the most signal instances of the value of experimental 
research, when properly conducted, which can be mentioned. 
Although by these experiments nothing was added to establish the 
theory of heat, yet in connection with the universal use of steam 
as a motive power, and for other purposes, the results have been 
of vast importance. For accuracy and completeness, these inves- 
tigations stand unrivalled. They form the basis of all the 
important applications of the theory of heat to vapors, and thus 
constitute the foundation for all calculations relating to steam in 
its various uses. They became not only of immediate use to the 
practical engineer, but they enabled Rankine, Clausius, and Zeuner 
to extend the dynamic theory to the study of vapors, and thus to 
cover all ordinary technical grounds. 

Of all the subjects in which experimental research is now 
demanded, there is none more important than that to which allusion 
has been already made : the strength and properties of materials 
used in constructions. It is needless to specify the various kinds 
of investigation demanded, for our knowledge of the subject, as 
far as the materials produced in this country are concerned, is in 
a most uncertain and unsatisfactory state. Boldness of design, 
and a necessary increase in magnitude of the various parts of 
structures, are the inevitable tendency of engineering progress. 
Even in commercial buildings, in which iron scarcely entered as an 
important element twenty years ago, single cast iron columns have 
recently been introduced which are required to sustain, permanently, 
nearly one thousand tons. Similar instances of the use of wrought 
iron and steel in tension and compression might be given in which 
for the large cross-sections employed no reliable data for strength 
is available. 

A most important question to be considered where experiments 
involving large expenditures, expensive apparatus, and much time, 
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are to be made, is the constitution of the body or commission 
having charge of such investigations. It is doubtful whether any 
body of scientific and practical men, however competent they may 
be, can conduct and control properly the details of such important 
and laborious work, if they are at the same time burthened by the 
cares and demands of other private or professional duties. Success 
in scientific work of this character depends largely on each specific 
investigation being committed to one person employed solely for 
the purpose, and whose acquirements and enthusiasm for his 
subject, need the least amount of advisory aid. 

A commission of experts may well direct the character and aim 
of special investigations, and to some extent the methods to be 
employed; but without the stimulus of personal responsibility, 
combined with ardent zeal and special aptitude, of some one who 
has entire control of details, and who through his constant devo- 
tion to one object may reap the principal rewards of his own 
discoveries, experimental investigations of this kind are apt to end 
in failure. 

Other subjects on which further researches are desirable will 
readily present themselves. Among these may be mentioned, as 
of much practical interest, the flow of air and steam through pipes 
and conduits. 

The transmission of power by compressed air, and the adaptation 
of apparatus for ventilating and heating public and private build- 
ings, require a knowledge of the resistances and other phenomena 
connected with the flow of air and steam, the available data for 
which are meagre, and rest upon very incomplete experimental 
foundations. The complications of this subject, arising from the 
changes of temperature of the flowing air or steam, and the 
difficulties thereby caused in attempts to measure quantities of the 
flowing liquid, render experiments in this direction so tedious and 
expensive as to operate almost as a bar to ordinary individual 
efforts. 

The importance of the questions involved, especially in connec- 
tion with sanitary appliances, is, however, becoming greater each 
year. In this connection also the laws of the transfer of heat, and 
their technical applications, assume new interest. In many of our 
large cities works have been erected or are in progress, involving 
great expense, having for their object the supply of steam for 
heating and ventilating purposes, and for power, by transmitting 
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the steam in underground pipes throughout large districts from a 
few central stations. 

These undertakings present numerous problems which have not 
heretofore been encountered in engineering operations. Correct 
data concerning the laws of the flow of gases and vapors, and the 
transfer of heat, constitute an important element in many of these 
problems. While compared with similar data for the flow of liquids, 
it can hardly be said that the knowledge available to the engineer 
is reliable or satisfactory. 

In the construction of public buildings, private dwellings, and 
factories, the necessity of including in the first design complete 
arrangements for warming and ventilation, has of late years been 
forced upon architects and engineers by a public demand for 
healthful arrangements ; and all the scientific and technical knowl- 
edge that can be brought %> bear on the subject is desirable. In 
this direction but little has been accomplished in this country, 
except in connection with private practice. For information that 
cannot be obtained from this source, recourse must be had to 
foreign works, some of which, notably those of Pecl6t and Morin, 
may be taken as examples of the great value of such experiments 
as were made by these distinguished experimenters and authors. 

It would be impracticable to present in detail all the principal 
subjects of practical mechanics in which more exact knowledge is 
needed in technical applications. There is a universal activity at 
the present time, everywhere, towards overcoming obstacles to 
what is called progress. 

The demand is constantly for greater achievements. The public 
calls imperious^ for greater speed on railways and steamships, and 
the engineer must meet the demand. Greater speed requires heavier 
rails, heavier engines, larger ships, and stronger machinery. But 
the same imperious public also insists on absolute safety, and rea- 
sonable cost. A train must fly at high speed across long bridges, 
built at the least possible expense, but woe to the engineer if a 
calamity occurs. No explanations are received ; the public will 
accept no part of the blame. 

This Increasing ambition for something faster, grander, more 
convenient, or more healthful, brings with it increasing risks and 
responsibilities to professional men. The members of the engi- 
neering profession, especially, have to assume great risks, and it 
is not unreasonable that they should ask public aid, as our engi- 
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neering societies have done, to arrive at a kind of knowledge that 
can be procured in no other way than through public aid and 
expense, and without which their best efforts may often result 
disastrously. If we include in these general propositions other 
branches of technical science, especially Chemistry and Physics, 
it would not be hazarding too much to say that the continuance 
and permanence of what is usually called modern progress depend 
greatly on a general recognition of the importance of this kind of 
scientific research. 

There is one field of research which alone may well occupy the 
attention in this respect of the best minds of the age, and which 
ought to receive the most generous public support. That field is 
sanitary science, or sanitary engineering. Wordy controversies 
can never satisfactory settle questions of ventilation, which involve 
force and motion, the heating of air and its conduction and distri- 
bution ; nor questions of poisonous emanations or solutions, in air 
or water, nor questions of house and street drainage. Connected 
with these subjects there are abundant opportunities for systematic 
experiments, not only in the domain of physics and chemistry but 
of mechanics. 

We cannot expect to rival the nations of antiquity in architec- 
tural achievements, although it would seem that lavish expenditures 
on monumental buildings most readily satisfy public ambition 
even in this age ; but it is to be hoped that the generous impulses 
which have begun to manifest themselves in the direction of 
sanitary improvements may absorb a full measure of this ambition 
and direct it towards the most perfect provisions for the health of 
communities, so that social life for the poor as well as for the rich 
may rest on the highest possible plane of physical as well as 
mental and moral excellence. A small share of the millions 
expended by the people in the architectural masonry and decorations 
of public buildings, would, if properly devoted to mechanical, 
physical, and chemical researches connected with sanitary engineer- 
ing, accomplish much towards this end. 

There is undoubtedly much force and wisdom in the suggestive 
remark of one of the most distinguished sanitary engineers of 
England, that " if he were permitted to build the homes of a people, 
he would not care who should write their songs, or make their 
laws." 

There is a branch of mechanics which has from time to time 
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excited considerable public attention, but which, from its not 
presenting features of great public utility, has not been ranked 
among those having a commanding importance. 

It is only necessary to mention animal mechanics to bring to 
mind the beautiful experiments of Marey in determining the 
movements of animals in the ordinary processes of locomotion. 
A study like that of Marey of the mere motions of the locomotive 
appendages of animals — the curves described by the extremities 
in the operations of flying, walking, and swimming — must always 
remain barren of useful results unless connected with the dynam- 
ical features of the problems involved. These Dr. Haughton, of 
Trinity College, Dublin, has supplied, by a most interesting 
treatment of the subject, and by careful experiments, extending 
over a period of ten years. 

Muscular force is so related to life that it appears almost to 
furnish the only unmistakable evidence of vitality. When the 
involuntary and voluntary muscles of the animal system cease to 
act, life can no longer be said to exist. Dr. Haughton has 
discussed the whole subject of muscular forces not only in their 
relations to the skeletons through the medium of which they act, 
but in their properties of strength, endurance, refreshment, and 
fatigue, in such a manner as to throw new light on this interesting 
subject, and to suggest its real useful aspects in connection with the 
laws of health and physical development. 

The conformity of the phenomena observed and the principles 
established, in regard to movements connected with animal life, 
with the laws of ordinary mechanics, is complete. The four 
elementary machines, which constitute either singly or in various 
combinations the bases of all artificial machinery, are not only 
found to be represented in the various kinds of animal locomotion, 
but, except perhaps in some of the very lowest orders of animals, 
no other means of locomotion can be discovered. 

In relation to the expenditure of energy, it appears to have been 
demonstrated also, that the sources of muscular, and probably of 
nervous energy, are, as in the ordinary expenditures of force, 
subject to exhaustion at rates which increase in a high degree with 
the rapidity with which work is performed. 

The space which a steamship can traverse, with a given amount 
of coal for consumption, varies inversely as the square of the speed ; 
and the number of days required for the exhaustion of the fuel, 
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inversely as the cube of the speed. Similar laws are applicable, 
as Dr. Haughton has shown, to human exertions and furnish 
scientific and mechanical reasons, why the prolonged, intense 
nervous activity of business life, so much complained of in these 
days, results in premature and permanent disabilities. Doctor 
Haughton was the first to demonstrate experimentally the laws of 
fatigue and refreshment of muscular action, and to suggest, at 
least by very natural inferences, that there are limits of exertion 
within which alone these processes may be expected healthfully 
to balance each other. 

In one sense all great works, successfully executed, furnish data 
and precedents for the future. Each one reaches out beyond its 
predecessor, the result being the gradual buildinjg up of an art, an 
industry, or perhaps a profession. 

In exceptional cases a single construction, or a single exploit, 
revolutionizes practice. Two episodes of our late war present 
signal examples in this respect. The conflict between the Monitor 
and Merrimack in Hampton Roads furnishes the first real experi- 
mental test of the invulnerability of iron-clad vessels, and the 
efficiency of the turret system devised by Ericsson ; while the 
demolition of Fort Pulaski by General Gilmore, by batteries placed 
at one and two miles distance, destroyed, in a day, all faith in 
defensive works of masonry, which up to that time had been 
regarded as the bulwarks of seacoast defence. History furnishes 
no instance of so complete and universal a change in practice 
caused by one gigantic experiment occupying hardly more than 
twenty-four hours. The echoes of Gilmore's guns had scarcely died 
away before orders were issued from the war offices of all nations 
having seacoasts to defend to suspend work on masonry for- 
tifications. 

These two events, the conflict of the Monitor and Merrimack, 
and the reduction of Fort Pulaski, were the beginnings, however, 
of a contest which has lasted to the present time *— the contest 
between rifled ordnance and defensive armor. In this war of force, 
of impact and resistance, if we take into account the cost of 
armored vessels, hundreds of millions of dollars have been 
expended. 

In the course of ordinary events, however, isolated results do 
not furnish the most useful collection of facts ; there are few 
branches of art or industry, involving mechanical appliances, 
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which may not be advanced by investigations systematically under- 
taken, and which are made through a careful observance of all 
phenomena and conditions to bring out general laws. 

It will not be considered inappropriate in connection with this 
subject to make a brief allusion, and render tribute to the works 
of one who, though not now living, may be regarded as having 
been among the foremost investigators of the present age in the 
department of Mechanical Science. No name is more frequently 
mentioned, wherever the English language is spoken, as authority 
in matters relating to applied mechanics than the name of Rankine. 
His original investigations in founding, and building up, the science 
of thermo-dynamies, were sufficient to establish his fame ; but the 
peculiar fascination of his works, to the engineer, lies in the won- 
derful scope of his genius in the solution of problems of applied 
mechanics in every branch of engineering, and the remarkable 
skill and perception with which he introduced experimental data 
into his researches ; thus giving to his deductions the most unerr- 
ing scientific exactness combined with the nearest approximate 
practical solutions. 

Unlike the writings of many scientific authors, Rankine's volu- 
minous*works will not bear reduction or condensation. Conciseness 
of style and the shortest modes of demonstration are their marked 
characteristics. Every paragraph, and almost every line, seems 
to contain the expression of an idea, a valuable description, or the 
enunciation of a principle. 

As an investigator he appears never to have touched a subject 
without throwing new light upon it, either by his mode of treatment, 
the discovery of new principles, or in extending its practical 
applications. Although not an experimenter himself, no investi- 
gator has made more constant use of well established results of 
experiments made by others, or has been more skilful in bringing 
useful rules of practice out of the combinations of such results 
with exact theories. He has left to the present generation the 
most complete exposition of the principles of the science ot 
applied mechanics that can be found in the English language. 

England has not yet done full justice to the memory of one 
whose labors in science ought to be regarded as having added to 
her national fame, and whose practical expositions have contrib- 
uted so much to the progress of all nations in the Mechanic Arts. 
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On a Newly Discovered Absolute Limit to Economical Ex- 
pansion in the Steam Engine and in other Heat-motors. 
By Robert H. Thurston, of Hoboken, N. J. 

[ABSTRACT. 1 ] 

It has been universally assumed by engineers, and probably by 
all physicists familiar with the theory of the steam engine hither- 
to accepted, that the best ratio of expansion, whether for maxi- 
mum efficiency of fluid, of engine, of capital, or of plant, 2 in- 
creases with increase of steam pressure without limit, and that 
such ratio may be indefinitely increased with decrease of the 
ratio of back-pressure for any one kind of engine, notwithstanding 
the fact that the value of the ratio of expansion is modified by 

variation of the conditions of working, even where the ratio j- is 

the same. The writer proposes to show that, in every actual en- 
gine, in every engine operated under the conditions of real work 
and of usual practice, there exists a limiting value of any of 
these " ratios of maximum efficiency" beyond which it cannot be 
economically raised even with an infinitely elevated boiler-pressure. 
It will be further shown that this " absolute limit" may be readily, 
and probably often is, passed in everyday practice, that in the 
usual forms of steam engine an absolute limit exists within or not 
far beyond the customary working range of expansion, beyond 
which expansion cannot be carried with economy, however high 
steam pressure may be adopted ; in other words, with infinite 
pressure, the economical value of the ratio of expansion will be 
found often not merely finite, but sometimes probably within the 
limits of familiar practice. 

In earlier papers 3 the writer has shown that the conditions 

1 This paper is published in full in the Journal of the Franklin Institute, 
Sept., 1882. 

9 Vide a paper " On the Several Efficiencies of the Steam Engine," etc., Journal of 
the Franklin Institute, May and June, 1882; Transactions of the American Society 
of Mechanical Engineers, 1882. 

•Journal of the Franklin Institute, May, 1881, February, May, and June, 
1882; Transactions of the American Society of Mechanical Engineers, 1881-2. 

(307) 
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under which engines are worked in actual practice differ in a very 
important degree from those assumed in the simple thermo-dyna- 
mic theory of heat engines, and, especially, that the unjacketed 
steam cylinder, which is usually assumed to be of non-conducting 
material, is to such a serious extent a reservoir and a transferrer 
of waste heat that the efficiency of the engine is greatly and 
sometimes enormously reduced. 

The equations which would give values of the ratios of maxi- 
mum efficiency for the ideal " perfect engine," therefore, do not 
apply to real engines," and the author has deduced 4 modified 
equations, which are at least approximately correct for real prac- 
tice. He has also produced true " curves of efficiency" from real 
engines, which were found to be practically the same in form and 
location, to be practically identical in character, with those indue- 
tively obtained, so far as the two could be compared. 

64 The General Equation of all Steam Engine Efficien- 
cies," is 

1 _ Av 2 -f- Bv 2 ir x 

£! ! ~, nr-^r-* ~ (A) 



y lit I # -v 

2 E ( bp x v 2 n _ 1 r* — p b v 2 \ 



which becomes a minimum, and makes the commercial efficiency of 
an engine doing the required work a maximum when, to obtain r, 
we have made 

^ _l q r"- 1 — q ~ n r^** 1 
^ T M(q — 1) n(q— 1) 



Mn(q — 1) Mnb{q — 1) jp x 

Pb 

The ratio — is the quotient of the total back pressure by initial 

pressure, all useless resistance being included in p h . A is the 
measure of annual costs, variable with size of engine, B of costs 
variable with quantity of steam demanded, v 2 the volume of 
steam-cylinder, r the ratio of expansion, R the revolutions per 
annum, b the proportion of steam in the cylinder when r = 1, p 1 is 
initial steam pressure, n is the exponent of the familiar equation 
of the steam line, pv n = const., and r* is the rate of variation of 
losses with increase of r. M = 4-« 

When instead of Jf, N is inserted in the equation, N being the 

quotient of all annual expenses, independent of fuel supply, by 

« 

*«« On the Several Efficiencies of the Steam Engines," etc. 
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all such expenses variable with fuel and steam supply — the ex- 
pression determines the ratio of expansion at " maximum effi- 
ciency of capital invested in a given plant." 

When M or N is made zero, the expression reduces to : 

(V-i _ H±=?L ^-A +»f± = A (C) 

\ qn / bqn p 1 v/ 

and gives the ratio of expansion at which maximum " duty" or 
" efficiency of engine" is attained. 

When 6=1 and q = 0, the case becomes that of the ideal en- 
gine working the fluid in a non-conducting cylinder, and these 
equations become, for efficiency of capital and of engine, 

^_ (JlrLmr^^ (D ) 

^ = t (E) 

Studying these equations, it will be seen that, in all except the 
last (E), it is possible to find finite values of r such that their 
left-hand members shall reduce to zero ; as in them n is nearly al- 
ways equal to unity ; q varies from q = to q = "0.3 in good 
practice, and b usually ranges between b = 0.8 and b = 0.9 ; M 
or JATis usually between 0.02 and 0.15, and the form of the func- 
tion is such that the first member may always be made to disap- 
pear for some finite value of r. Then we shall have in (B) 

- , Q i*" 1 (Q — n)^-^ 1 q — n + 1) _ 

^T M(q—\) ~ n(q — 1) — M n (g— 1) — °> ^ } 

and in (C) 

n — n r 1 "" 11 

r~ n — M z — = o 

n — 1 

— = o; — = » and the value of r, at which this condition is ob- 
Pi Pb 

tained, constitutes an " absolute limit," for the case taken, be- 
yond which expansion cannot be carried economically, even with 

steam increased to infinite tension ; beyond this point ~ becomes 

negative, indicating the assumption of impossible conditions. 

Examining equation (E) we find no such limit ; the sign of the 
first member remains positive for all values of r, and can never be- 
come zero for a finite value of that quantity. We are thus taught 
that an important difference exists between the ideal engine, with 
its non-conducting cylinder, and the teal engine working steam in 
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a metallic cylinder, as well as between the case of maximum effi- 
ciency of engine and that of maximum efficiency of capital. In 
the cases of maximum efficiency of fluid and of engine for the 
ideal perfect engine, equation (E), only, is it true that indefinite 
increase of steam pressure permits indefinitely increased expan- 
sion. In all other cases an absolute limit exists, fixed for each 
case, beyond which expansion cannot be economically carried. 

The above equations for real engines are approximate, and are 
practically exact — the values of the constants being determined 
with accuracy — within the range met with in practice, and the 
conclusions here deduced are, therefore, correct, although the ex- 
act values of the constants, or even the precise form of the va- 
riable function, r 4 , here may not be fully ascertained. 

Should it seem desirable, it is easy to deduce the same conclu- 
sions — and thus to confirm, by independent proof, the above 
proposition — by the examination of the " Curves of Efficiency" 
of ideal and of real engines. 5 

Thus it is seen that, while the ratio has no limit for the ideal 
case, it has such a limit for the real engine, and that this limit may 
be found at a low ratio of expansion. The writer has made this 
comparison for the U. S. steamers " Michigan," u Georgiana," and 
"Bache," for which three cases the real curves have been ob- 
tained by him, 6 and finds that, these curves remaining unchanged, 7 
it is impossible economically to increase the ratio of expansion in 
such engines beyond three, five, and ten respectively, even with 

unlimited steam pressure ; t. e., even when — = 0. 8 

We may therefore conclude : 

(1) That in all engines there exists an " absolute limit to the 
economical expansion of steam," whether considered with refer- 
ence to efficiency of fluid, of engine, or of capital, which limit can 
not be passed, whatever pressure of steam may be carried up to 
the point of cut-off. 

a With such curves the ordinates measure the work done at various ratios of ex- 
pansion in any given engine, by quantities of steam proportional to the abscissas. 

• Vide Transactions of the American Society of Mechanical Engineers, 1882; Joub- 
NAL OF THE FRANKLIN INSTITUTE, June, 1882. 

7 The form and location of these curves at very high pressure would undoubtedly 
be somewhat altered, but it is evident that there must still be found this absolute limit 
so long as condensation increases With extended expansion. The writer is inclined 
to believe that the form of the curves will be substantially an shown, however, at any 
attainable pressure. 

"The "Michigan" has an tinjacketed condensing engine, using saturated steam; 
the " Georgiana" a similar class of engine, with superheated steam; the 4 - Bache' s" 
engine is jacketed and compound. 
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(2) That this limit is found at higher ratios of expansion as the 
type of engine is more efficient, but that the limit is indefinitely 
removed only in the ideal engine, and then only as affecting the 
ratios of expansion at maximum efficiency of fluid and engine. 

(3) That this limit is found at a small value of the ratio of ex- 
pansion in ordinary engines, and therefore may be readily passed 
in every-day practice. 

The limit is not far from three in the common, unjacketed con- 
densing engine, four or five in the same engine using superheated 
steam, and ten or twelve in the ordinary compound engine. 

(4) It is evident that the general propositions of this paper are 
true of all heat engines having fluid working substances, whether 
vapors or gases worked in metallic cylinders. 



Transverse Strength of large Spruce Beams. By Gaetano 
Lanza, of Boston, Mass. 

[ABSTRACT.] 

The moduli of rupture and the moduli of elasticity of timber, 
given in our text-books and engineers' hand-books for practical 
use in construction, the former for determining the breaking weight 
of beams, and the latter for determining their deflections under 
given loads have, in almost all cases, been deduced from experi- 
ments on small beams, not at all comparable in size with those in 
common use in building. 

While such a course is, to-day, recognized as misleading by our 
best engineers, it has been and is still followed very extensively, 
because, with a very few exceptions, we have had no experiments 
on the strength or deflection of full size wooden beams subjected 
to a transverse load. 

Again, no experiments, as far as I know, have been made on 
the large scale on the strength of such timber joints as are used 
in framing, where mortises and tenons are employed, or where 
notches are cut, and we have had no experimental basis from 
which to deduce their strength, so that the loads which have been 
supposed or assumed to be their breaking loads are probably very 
far from the true breaking loads. 

In view of these facts, and of the practical importance of ex- 
periments on full size pieces to the engineer, the architect, and the 
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builder, I have been bo desirous of having, at the Massachusetts 
Institute of Technology the means of carrying them on, and of 
giving my students the opportunity of performing them, that I 
have had constructed a machine capable of testing a beam trans- 
versely loaded with a load not greater than 50,000 pounds, pro- 
vided the beam has a length not exceeding twenty-five feet. 

By its means we are also able to test most of the framing joints 
used in practice. The results actually obtained by testing spruce 
beams are given In the following table: — 
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As to the quality of the timber, it was, with the exception of 
Nos. 14 and 15, all common merchantable stock, its average modu- 
lus of rupture being 4623 pounds per square inch, the largest being 
5651. 

Nos. 14 and 15 were cut in 1877 and had been seasoning on 
the wharf since that time till they were tested in April, 1882. 

Nos. 1, 2 and 13 are tests of framing joints, and hence from them 
we cannot determine a modulus of rupture. No. 5 (a) was a 
piece sawed from one end of No. 5, after this had been broken ; 
hence, from this no modulus has been deduced. 

The question must now be answered how these moduli compare 
with those commonly given in our text-books and engineers' hand- 
books. 



Hatfield gives 
Rankin e gives 
Laslett gives 
Trautwine gives 
Rodman gives 

These tests have given for merchantable 
stock 
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Hatfield's, Laslett's, Trautwine's and Rodman's figures are from 
their own experiments, and, as is evident from the above table, they 
differ very considerably. Trautwine advises for practical use to 
deduct one-third, on account of knots and defects, hence after 
making this allowance he would use 5400, My own figures would 
give this only for the best of the stock in common use, and in the 
case of knotty and poor timbers would give much lower values ; I 
obtained as low as 3271 and an average of 4623. 

It will be observed that although Rodman's result is not at all 
as small as mine, it is smaller than any of the others ; this is to be 
accounted for by the fact that the pieces which he experimented on 
were 5£ inches deep, 2 J- inches wide, and 50 inches between the sup- 
ports, being larger than those generally employed by other experi- 
menters, though not at all as large as those used in practice. 
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Only three tests have been made to determine the modulus of 
elasticity, and these have given respectively as follows : — 

No. 8 1,237,215 

No. 4 1,067,893 

No. 6 . . . 938,453 

3)3,243,561 

Average . • 1,081,187 

The machine has only been at work about two months, and 
hence no more work has yet been done, but these and other series 
of tests will be made in the future, and it is hoped will furnish us 
some more information of practical importance. 

Note.— Since the above paper was delivered a much larger number of tests have 
been made, and a great deal more information obtained on the subject, a part of which 
was published in the Franklin Institute Journal for February, 1883. 



A Method of Cutting Screws of Increasing Pitch. By J. 
Burkitt Webb, of Cornell University, Ithaca, N. Y. 

[ABSTRACT.] 

A screw whose pitch increases uniformly from one end to the 
other may be cut by the following method. 

Mount a suitable cutter, say one formed like a short reamer, 
with teeth also on the end surface (a " Brown and Sharpe " cutter 
for the teeth of wheels could also be used), in a milling machine, 
and on the bed of the same fasten two journals, so arranged that 
the blank for the screw may either revolve or slide in them with- 
out shaking. The screw-blank as it rests in these journals must, 
of course, be in the proper relation to the cutter, so that if it were 
moved in the direction of its axis, a groove parallel thereto would 
be milled in the blank, and if it were revolved a groove would be 
milled around the blank, while by a suitable combination of these 
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motions any desirable screw would be milled. Suppose now that by 
some means, we get, say, a quarter of a turn of a screw of any 
form milled, and that we then attach to the bed of the machine a 
pin, of the same size as the cutter and somewhat in advance of it, 
to act as a nut. The end of this pin must fit in the groove in ex- 
actly the same way as the cutter itself, so that by turning the 
screw-blank it will feed past this pin as if it were a small portion of 
a nut. It will now be seen that by arranging a feed to revolve the 



screw-blank we can make the latter screw forward past the fixed 
pin, and that, therefore, the cutter will extend the groove indefi- 
nitely. It is also clear, that the form of the original portion of 
the groove (the form of the section of the groove is not the form 
meant) will be repeated throughout the screw. 

In order now to make a screw whose pitch shall increase in 
arithmetical progression, we have only to make the original portion 
in accordance with this law, and then to arrange a second feed 
(the ordinary feed of the milling machine) by which the bed with 
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all that is fast to it may be uniformly moved a certain distance in 
the direction of the axis of the screw-blank for every revolution 
of the latter. 

By reversing this latter feed, on passing the middle of the blank, 
a screw-cam can be cut, which shall give an oscillation of its nut, 
and by suitable variations of this feed many other forms can be cut. 



Indicator Attachment for High Speeds. By J. Burkitt Webb, 
of Cornell University, Ithaca, N. Y. 

[AB8TRACT.] 

The steam-engine indicator, in the form given it by Watt, is 
essentially a low-speed instrument, and momentum and friction 
will ever be present to vitiate its indications for the high speeds 
coming into use. A new principle must, therefore, be adopted, 
which shall make the action of the instrument independent of the 
speed of the engine. 

This new principle has been embodied in an instrument quite 
different from the ordinary indicator, and also in an attachment 
to be applied to the latter ; as the former contains, besides the 
essential and radical improvements, several conveniences, the 
shorter and simpler description of the latter will be given. 

The new principle may be thus explained: — in the ordinary 
instrument we have a positive, horizontal, oseillating motion of 
the paper, coinciding with that of the piston, and a non-positive, or 
free, vertical motion of the pencil dependent on the steam pressure in 
the cylinder ; in the new form of instrument the first motion is the 
same, but it is made more certainly positive ; for the second motion, 
however, is substituted a positive vertical- feed of the pencil, de- 
pendent on the first motion. These two motions form on the 
paper what we have called the "blank-diagram," which will, from 
the manner of its formation, and in the figure, be seen to consist of 
a parallelogram of zigzag " pressure lines," k,- Z, m, etc., such as 
would be made by oscillating (instead of continuously revolving) 
a chronograph cylinder. This arrangement evidently eliminates 
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the troublesome effects of momentum, and the blank^diagram is 
perfectly accurate. 

The volume and pressure curve is formed upon this blank-diagram 
by a third or "registering motion," which introduces what we may 
call a " chronograph" jog in the pressure-lines as they cross this 
curve. This motion is dependent, of course, on the steam- 
pressure, and being exceedingly small it allows of the employment 
of a diaphragm, instead of the ordinary piston and cylinder, thus 
eliminating the injurious effects of friction and making it possible 
to get rid of the cock and of most of the waste room between the 
indicator and the steam-engine cylinder. 

We think it no disadvantage that this new form of instrument 
requires a number of strokes of the engine for the completion of 
a diagram ; in r act, in the ordinary instrument no attempt is made 
to confine its action to a single stroke. 



Experiments to Determine the Strength of Cylinders with 
Domes Attached. By Samuel Marsden, of Saint Louis, 
Mo. 

[AB8TRACT.] 

These cylinders were made in imitation of a locomotive boiler 
with a dome, and the object of the experiments was to ascertain 
one of the ways in which such a boiler gives way under pressure. 
Five cylinders were tested, they were about four inches in diam- 
eter, and their domes varied in size. They were of lead and the 
domes were soldered to them ; this material was chosen on account 
of its uniformity. The holes through the walls of the cylinders, 
which connected their interiors with those of the domes were concen- 
tric with the latter, but not in all cases of the same diameter, and 
this proved to be the point of main importance. When this hole 
was made as large as the dome the cylinder and its dome burst by 
cracking in a plane passing through the axis of both, the crack 
starting on both sides of the dome, at the angle between dome 
and cylinder ; but when this hole was made small the cylinder 
burst on the side opposite to the dome, much the same as an or- 
dinary cylinder would have done. 
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Aerial Navigation. By Jos. de L'Etoilb, of Ottawa, Canada 

[ABSTRACT.] 

This paper was a review of the subjects of atmospheric currents, 
electricity and gases with a view to practical aerial navigation 
by means of balloons : to take from the air the means to navi- 
gate through the air, and thus do away altogether with the bal- 
last and all such dead weight material which has been and still 
is the real cause of the little or no progress at all, having been 
made with regard to the guidance of balloons. The balloon should 
take the form of a fish and be provided with a propeller, a rudder, 
an air compartment, gas and air pumps or exhausters, electric 
battery, electric meter, and two safety valves. The balloon should 
be made to rise slowly and to descend with ease to the earth. All 
danger from electric flashes coming in contact with the escaping 
gas through the envelope of the balloon has been obviated by 
using material which prevents such escape. The above plan was 
tried, in the year 1869, and it worked satisfactorily. When the 
ensemble of this new aerial vessel shall be put to a test, it will, no 
doubt, prove as important to the aeronaut as the steamboat and 
locomotive are to the engineer. 

Atmospheric currents vary at different altitudes, and by as- 
cending through high atmospheric regions, aeronauts cannot 
fail to meet with favorable winds. Observations for scientific pur- 
poses, taken during ascensions in balloons, have hitherto been but 
imperfectly made. Globated balloons usually rise in an oblique 
direction and under the combined influence of the direction of the 
wind. The change of temperature in the atmosphere in a ver- 
tical ascension could not naturally be the same as that met with 
in an oblique direction and sometimes at twenty or fifty miles hori- 
zontally from the starting point, as the atmosphere above New 
York could not be the same as that met with above Boston at the 
same altitudes, at the same hour and minute, and under the same 
influence of aerial current. For want of practical steerable bal- 
loons, the regions of the two poles of our globe are yet unknown 
to geographers. The different atmospheric currents at certain 
altitudes, and at different places in a given hour and minute, are 
still a puzzle to meteorologists. The capacity of telescope glasses 
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has not as yet been ascertained at different altitudes and under 
different atmospheric conditions. 

Astronomers seem to have overlooked the fact that a glass can- 
not be as true to the eye when looked through on the surface of 
the earth, as it would if above atmospheric electric currents. 
European and American governments have, without forethought, 
sent brave men, on board of ships which cost millions of dollars, 
to the arctic regions, and what has been the result? Of course, 
great loss of lives and the sinking in the deep of all such 
valuable property. Let any one beg government aid for the 
minimum sum of say, four thousand dollars, which would be suffi- 
cient to meet the expenses of building a steerable aerial ship ; what 
would probably be the answer? 



The Future of the Balloon as a Practical Means of Aerial 
Travel. By W. H. Lynch, of Danville, P. Q., Canada. 

[ABSTRACT.] 

The two systems of aerial navigation, or rather the system of 
actual aerial travel by balloon and the theory of aerial navigation 
by utilizing the flying principle, are quite opposite. 

In the flying machine the propeller or wings are required to act 
upon the air at once to lift the dead weight of the machine, and to 
propel it or direct its course. The balloon, on the contrary, is it- 
self a lifting power, lifting itself and carrying foreign weight that 
may be a force to direct or propel it. 

We do not forget that the self-lifting machine is in one respect 
at a disadvantage with the inert or dead-weight machine. To be 
lighter than air means to be bulky, and to offer in motion greater 
resistance to the air, while what is heavier than air is more com- 
pact, and its motion more easily caused or directed. This one 
advantage of the flying-machine over the balloon counts, however, 
but little so long as it cannot both lift itself and carry the little 
extra weight of the force required to propel it. The balloon will 
carry no mean weight besides its own. It will carry, besides 
possible passenger or freight weight, the extra weight of a force 
that may direct or even propel the whole. 



